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 SUMMARY
Introduction:
A study wasconducted at the Greenbelt Farm of the Animal Research
Institute of Agriculture Canada to determine pollutant transport to subsurface
and surface waters in an integrated farm operation involving large-scale
livestock operations.
Objectives of the study were:
1) to determine if subsurface pollutant transport in a small field could be
extrapolated to a large field, other conditions Such as manuring, cropping
practice, soil characteristics, etc., being the same for both fields.
2) to determine the difference in pollutant transport in tile drainage
water under a largely coarse-textured soil compared to a fine-textured
soil under similar conditions of manuring and cropping practice.
3) to determine pollutant transport to surface water in a 594 ha drainage
area under a closely controlled cropping operation.
Pollutant transport to subsurface tile drainage water from land application
of animal manure was studied at three fields, with similar tile drainage,
that were subjected to the same cropping practice. The quality of tile
drainage water was compared for three manured fields and one non-manured
field. Pollutant transport to surface water in a 594 ha drainage area (with
569 ha of cultivated fields) from application of animal manures and chemical
fertilizers, was studied by monitoring surface water entering the drainage
area at four locations and leaving at two locations. Water samples were
checked for temperature, pH, conductivity, total, suspended and volatile
suspended solids, total Kjeldahl, ammonia and nitrate nitrogen, total
phosphorus in raw and filtered samples, potassium, dissolved oxygen and
indicator bacteria. A study of soil properties and nutrient accumulations or
transformations in the soil was not included in this study. Information on
soil types and profiles in the study area was however available from other
sources.
Findings reported here cover the period from April 1975 to October 1977.
All the flow data were not obtained in 1975 due to delays in delivery of
current meters for stream flow measurement and flumes for tile flow measurements.
-1-
 
Findings:
 
  
I. Subsurface tile drainage water:
1)
2)
3)
4)
  
About 90% or more of the annual flow occurred during the spring runoff.
In 1976, respectively for the clay and sandy soil fields, water drained
by tile drainage was about 1/5 and 1/10 of the total annual precipitation.
The number of flow periods and their duration were found to be different
in the small and large clay fields even with the same precipitation,
soil type and tile drainage system. On the basis of single—day peak
flows, the small clay field had 0.8 to 2.2 (average 1.4) times the
runoff per unit area compared to the large clay field and 2.0 to 4.9
(average 3.3) times the runoff compared to the small sandy field (six
comparisons each). On the basis of rainfall—induced peak flow events
lasting for a few days, the small clay field had 1.1 to 1.8
(average 1.2) times the runoff per unit area compared to the large clay
field and 2.1 to 3.8 (average 2.6) times the runoff compared to the
small sandy field (six comparisons each).
Manure application rates of about 500 kg N/ha/yr (application split
between spring and fall) for three successive years on corn fields did
not lead to excessive or unacceptable deterioration of physical or
chemical quality of tile drainage water with the exception of nitrate-
nitrogen, the concentration of which was found to be dependent on prior
history of manure application. Application of manure at the above rate
for three successive years resulted in acceptable concentration of NO -N
in a field with a prior history of relatively low rates of nitrogen
applications whereas the same rate of manure application resulted in
unacceptably high NO —N concentration in a sandy soil field with a prior
history of heavy nitrogen applications for about ten years. However,
in the former case, mean N03—N concentration increased from 1.6 mg/l
in 1975 to 3.6 mg/l in 1976, and to 5.1 mg/l in 1977. Physical and
chemical quality of water from the chemically fertilized field was
generally comparable to the quality of water from two manured fields
which did not have heavy manure applications in the past several years
prior to this study.
Because of variations in amounts and periods of flow from similarly
drained and cropped fields, and different previous nutrient application
histories, nutrient transports in the different fields were not always
comparable although they were of the same order of magnitude.
The amount of nutrients (N, P, K) removed in tile drainage water was not
significant compared to the amount of nutrients applied in manure. l
Nutrients removed by the crop and the tile drainage water accounted for
only about 15 to 40 percent of the nutrients applied in manure. Under
the conditions of the study, it is likely that a larger proportion of the
unaccounted—for nutrients remained in the soil compared to the
proportion entering other sinks. Manure application rates of about
500 kg N/ha/yr over a number of successive years would therefore have a
potential of polluting groundwater. Increasing concentration of NO3—N
mentioned in (2) above could be due to the release of increased
residual nitrogen in the soil.
1A 
5)
6)
7)
Bacteriological quality of tile drainage water from both manured as well
as non—manured fields met recreational water quality objectives except
during periods of heavy flow following rainfall when bacterial counts
increased irrespective of field treatment or soil type.
Bacterial numbers varied widely in manure samples examined in 1975,
depending on the age of manure. Therefore it was not possible to
estimate mean bacterial application rates on soils. Fecal coliform
numbers were found to reduce considerably during storage of manures.
Bacterial examination of soil samples (in 1975 only) at different depth
levels, before and after manure applications, indicated a decrease in
numbers with depth. Also, the number was lower in spring compared to fall,
probably because of lower initial counts in spring-applied manure. With ‘
respect to change in bacterial numbers with time after application of
manure, a regression analysis indicated that, in general, total coliform
numbers tended to increase but fecal coliform and fecal streptococcus
numbers tended to decrease, and standard plate counts tended to remain
static or increase slightly. Unsuitability of total (as opposed to fecal)
coliform as pollution indicators was demonstrated.
 
Atrazine and its degradation product, de-ethyl atrazinewas detected
in tile drainage water 2% years after the last application in one field.
Generally the concentration was quite low. Butylate (Sutan) was not
detected in tile water after first year of application on sandy nor on
clay soils. Amount of atrazine and de-ethyl atrazine removed in
drainage water was insignificant compared to the amount applied.
No viruses were isolated in two samples each of tile water from manured
fields and winter—stored dairy cattle manure, tested in 1975.
II. Surface stream drainage water:
1)
2)
3)
4)
Bulk of the flow occurred during the spring runoff with the heaviest
flows restricted to a few days only.
For most parameters tested, the quality of stream water leaving the
intensively cropped drainage area of Black Rapids Creek was better
than or close to acceptable quality for surface water supplies although
a slight increase in N, P and K concentrations was noted. The reasonably
good quality of water was attributed to management factors associated
with manure handling. It may also be noted that about three-quarters of
the drainage area has fine—textured soil, and that the drainage area is
mostly flat and largely tile drained.
Stream water samples were examined in 1975 for bacteriological quality.
Bacteriological quality of water draining from a manured area was
found to be comparable to water draining from non—manured drainage
areas of the Farm confirming an earlier finding that plowdown of large
quantities of manure indicated no bacteriological deterioration of
surface waters. Generally, water entering and leaving the drainage area
was of good bacteriological quality.
Total solids, Suspended solids, nitrogen, phosphorus and potassium losses
-3-
  
of about 1000, 400, 24, l and 16 kg/ha/yr respectively were estimated
for 1976. At these rates, 16, 2 and 14 percent respectively of the
applied N, P and K were lost to surface drainage water. Most of such
loss occurred in spring runoff. Loss estimates for 1977 were
considerably lower than estimates for 1976.
It appears that flow pattern during heavy spring flows, which is dependent
on ambient temperature and precipitation, influences pollutant and
nutrient contributions to surface streams. Spring of 1976 was
characterized by a rapid thaw resulting in very heavy flows and floods.
Spring of 1977 was characterized by a thaw followed by freeze—up, so
that there were fewer days with very heavy flows. Higher contribution of
solids (total and suspended), N, P and K was observed in the spring of
1976 compared to the spring of 1977.
Conclusions:
1)
2)
3)
4)
5)
6)
Nutrient transport to Subsurface tile drainage in manured fields given
the same cropping treatment is not always directly comparable but data
from one field can be used to make an order—of—magnitude estimate for
another field.
Previous nutrientapplication history influences the quality of, and
total transport to tile drainage water.
Under a corn crop on flat, fine—textured soil with a previous history of
low rates of nitrogen application, manure applications at the rate
approximating 500 kg N/ha/yr (split into spring and fall applications)
can be made for upto three successive years without causing excessive or
unacceptable deterioration in subsurface water quality.
Bacteriological quality of subsurface and surface water is not influenced
by manure applications when manure is incorporated into soil immediately
after application except following heavy rainfall events.
Intensive integrated farming involving large applications of liquid manure
by the plowdown technique in relatively flat land with largely fine—
textured soil does not generally impair stream water Quality to unacceptable
levels.
However, substantial quantities of nitrogen and potassium can be
lost annually depending on the conditions of flow. Most of this loss
occurs in spring runoff.
Calculation of annual pollutant and nutrient transport by the use of
annual mean concentrations and total annual flows needs caution because
of the influence of very heavy flows for very few days on total annual
transport.
  
INTRODUCTION
This Report covers the results of a Research Project at the Greenbelt
Farm of the Animal Research Institute of Agriculture Canada in Ottawa. The
study was initiated in response to the research needs on Great Lakes Pollution
as identified by the International Joint Commission's International Reference
Group on Pollution from Land Use Activities (PLUARG). The general objective
was to obtain information on water pollution potential of animal production
operations in Ontario by determination of nutrient and pollutant transport to
surface stream water and subsurface tile drainage water in a large—scale,
closely controlled farming operation which utilizes large quantities of
animal manures in a land-recycling system. The study was partly supported by
funds provided by Agriculture Canada on behalf of PLUARG.
Specific objectives of the study were:
1) To determine if subsurface pollutant transport in a small field can be
extrapolated to a large field, other conditions (manure application rates,
cropping practice, soil characteristics, etc.) being the same for both
fields.
2) To determine the difference in pollutant transport in tile drainage water
under a largely coarse-textured soil, compared to a fine-textured soil
under similar conditions of manuring and cropping.
3) To determine pollutant transport and nutrient loss to surface water in a
594 ha.watershed under a closely controlled cropping operation.
The above specific objectives were set up to provide information required for
the following two objectives in the Detailed Studies Program1 of PLUARG
Task Group C Agricultural Watershed Studies.
1) To determine the effects of the soil, land use and associated practices on
ambient concentrations and loading rates of selected pollutants from
agriculture.
2) To develop relationships so that the information derived can be utilized
in a predictive sense and extrapolated to other areas.
The results reported and discussed here are on the quality of water from
subsurface tile drainage and Surface stream drainage, and on the quantity of
  
 nutrients and pollutants transported in these waters. For three selected
manured fields a nutrient balance is reported in terms of nutrient application
in manure and removal in crop and the tile drainage water. The results
reported on water quality and on pollutant and nutrient transport cover the
period from April 1975 to August 1977. Some other results reported are up to
the end of 1977.
 DATA COLLECTION METHODS
 
Study Sites:
The
stud
y wa
s ca
rrie
d ou
t wi
thin
a 59
4 ha
drai
nage
area
of t
he 1
140
ha
Greenbelt Farm of the Animal Research Institute of Agriculture Canada
in Ottawa, Ontario. Surface and subsurface water from this selected area
drai
ns i
nto
the
Blac
k Ra
pids
Cree
k wh
ich
itse
lf f
lows
into
the
Ride
au R
iver
.
Areas selected for the study of the Subsurface and surface water are shown
in Figures 1 and 2 respectively.
Subs
urfa
ce w
ater
:
The
loca
tion
s of
the
samp
ling
and
moni
tori
ng s
tati
ons
in
the
sele
cted
fiel
ds a
re s
hown
in F
igur
e l.
A su
mmar
ized
desc
ript
ion
of e
ach
field is given in Table 1. Field stations were identified as follows:
Station F4 — drains large "clay" field, manured (27.5 ha)
Station 15 — drains small "clay" field, manured ( 4.1 ha)
Station F10 — drains small "sandy" field, manured ( 5.6 ha)
Station 13 - drains large "clay" field, fertilized (132 ha)
Duri
ng A
pril
and
May
in 1
975,
tile
main
s we
re i
nter
cept
ed a
nd w
oode
n sa
mpli
ng
wells, 1.2 m by 1.2 m by 2.4 m deep were installed at Stations F4 and F10.
Flows were measured at Station F4 with a Parshall Flume during the high flow
periods and an H Flume during the low flows. Flows at Stations F10 and 15
were measured with HS and H flumes respectively. Flow was not measured at
Station 13 which consisted of a catch basin with a manhole through which
samples were collected. Stage heights in the flumes were continuously recorded
using eight-day, clock-wound, portable Belfort Model S—FW—l liquidlevel
recorders. To prevent seizure of the float in the stilling wells of the
flumes due to freezing, flameless catalytic propane heaters were installed
inside the sampling wells during the winter months.
Surf
ace
wate
r:
The
area
drai
ning
into
the
Blac
k Ra
pids
Cree
k ha
s fo
ur s
trea
ms
ente
ring
the
area
at S
tati
ons
6, 7
, 8
and
DOT,
as s
hown
in F
igur
e 2,
and
two
stre
ams
leav
ing
at S
tati
ons
2 an
d 3.
Wate
r en
teri
ng t
he a
rea
was
from
adja
cent
uncu
ltiv
ated
land
, r
oads
ide
drai
nage
, an
d at
Stat
ion
6, i
nclu
ded
some urban runoff as well. Water leaving the area at Station 2 was from
inte
nsiv
ely
crop
ped
land
into
whic
h la
rge
quan
titi
es o
f ma
nure
were
inco
rpor
ated
in s
elec
ted
area
s ea
ch y
ear.
Wate
r le
avin
g at
Stat
ion
3 wa
s fr
om a
bout
160
ha
on t
he s
outh
side
of t
he d
rain
age
area
.
Stre
am b
anks
at s
elec
ted
stat
ions
were
supported by plywood boards to provide a controlled cross—sectional area
acro
ss w
hich
flow
—dep
th a
nd v
eloc
ity
meas
urem
ents
were
made
with
a cu
p—ty
pe
-7-
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OF SITES FOR STUD
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F4
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F10 1
3
Fiel
d nu
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or
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Ar
ea
dr
ai
ne
d
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ac
re
s
Sur
fac
e s
oil
tex
tur
e
Dr
ai
na
ge
cl
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s
Dra
ina
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tile
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meth
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Flow
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silage corn
silage corn
silag
e cor
n
Plot
5
4.1
10.1
clay loam
poor
4"; 6"
mains
0.2%
grab
0.75 f
t H fl
ume
oats,
alfalf
a
brome grass
alfalf
a, sor
ghum
Sudan
winte
r rye
,
sorghu
m Suda
n
silag
e co
rn
silage corn
sil
age
cor
n
san
d t
o s
and
y l
oam
rapid
to poo
r
4“;
8”
108
5.6
13
.8
mains
0.2% to 0.34%
0.6 ft
silage
silage
silage
silage
silage
silage
grab
HS f
lume
co
rn
COI
‘I‘
I
c
o
r
n
corn
co
rn
co
rn
(l4+17+21)+(20+24)
69.7 + 62.3 = 132
172 + 154 = 326
clay loam
poor
4”; 1
8”main
s
0.
2%
grab
flow notmeasured
silage corn
silage corn
silag
e cor
n
corn -
69.7 h
a
alfal
fa—ba
rley—
62.3
ha
barley
— 69.7
ha
alf
alf
a—
62.
3 h
a
barley
— 69.7
ha
alfalf
a— 62.
3 ha
 
  
SUMMARY DESCRIPTION OF SITES FOR STUDY OF SUBSURFACE TILE DRAINAGE WATER
TABLE 1 cont'd
ARI Greenbelt Farm, Ottawa
Description
Year
Field Station
 
F
4
1
5
F10 1
3
Nutrient
applicati
on
history
1m
of
I
I
liquid manure
chemical fertilizer
Pesticide application
history
-
1
1
-
1972
1973
1974
1975
1976
1977
1972
1973
1974
1975
1976
1977
c
f
of
C
f
1
m
1m
1m
none
none
none
Atrazine
Atrazine + Sutan
none
1
m
1m
1
m
1m
1m
none
none
none
Atrazine
Atrazine + Sutdn
none
1m
1m
1m + of
1m + of
1m
1
m
Lasso + Atrazine
Atra
zine
Atrazine
Atrazine
Atrazine + Sutan
none
of
+ l
m
cf
cf
o
f
c
f
o
f
Atrazine
Atrazine on 70 ha
Atrazine + Lasso
on 6
2 ha
Atrazine on 70 ha
Lasso on 62 ha
2,4—DB on 62 ha
2,4—DB on 70 ha
2,4—DB on 70 ha
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 current meter to compute flow rates. Staff gages were installed at the stream
stations for recording stage heights. The stream stations required annual
cleanup and spreading of crushed stone on the stream bed between the boards.
Cropped fields constitute 96% of the drainage area, the remainder being
roads and roadside ditches. All but 8% of the drainage area is tile
drained. The land is mostly flat or very gently sloping. About three—quarters
of the drainage area has clay loam soil, the rest being mainly sandy loam or
loamy sand. More information on the soil types and profiles in the drainage area_
is given in Appendix I. The drainage area has a small resident population of
wild animals such as groundhogs, beavers and foxes. In addition, migratory
birds also use parts of the Farm during their stopovers. Daily meteorological
information for the study site was recorded at a weather station located between
the Black Rapids Creek and its tributary (Figure 2).
Figure 2 shows two additional locations, Stations 9 and 5 for the inlet
and outlet respectively of the Baker Creek which drains the north—west
quadrant of the Farm, which was essentially a non-manured area of the Farm
during the study period. Stream water samples from these two Stations were
examined for bacteriological quality in 1975.
Procedures:
Sampling and analyses: Procedures for water sample collection and analyses ’
were common for both the subsurface and surface waters. Grab samples were
collected for the determination of: temperature, pH; specific conductivity;
total, suspended (or non—filtrable) and volatile suspended solids (or residue);
total Kjeldahl, ammonia and nitrate nitrogen; total phosphorus in unfiltered
and filtered samples; potassium; and dissolved oxygen (in stream water only).
A few of the above parameters were not determined in 1975 in either the tile
drainage or the stream drainage water. Details of the sampling and
analytical methodology are given in Appendix 11. Additional water samples
were examined for total and fecal coliforms, fecal streptococci, and Standard
Plate Counts at 200 and 350C, at the National Capital Region Laboratories
of the Environmental Protection Service. Samples were delivered to the
laboratory within four hours of collection and preserved, if necessary.
The frequency of water sample collection varied from twice per day during very
high flows to once per week at low flows. All the drainage tiles and streams
had very little or no flow from late spring to early fall.
 
Subsurface water: Forthe three manured fields, generally the same field
procedures were followedeach year. Well—mixed dairy cattle liquid manure
was plowed into the fields in spring before planting and in fall after
harvest. Although an application rate of 224 kg N/ha in each of two applications
(total of 448 kg/ha/yr) was intended, the actual application rates varied
somewhat. This was due to factors associated with soil, weather and machinery
conditions, and the size of the operation which required land incorporation
of 3,400 to 4,100 cubic meters (750,000 to 900,000 imperial gallons) of
liquid manure from 15 to 20 different locations in a three to four week period.
The volume of manure applied to a field was determined from the dimensions of
the storage tank being emptied or by the number of tanker loads plowed and the
-12_
  
average discharge from each tanker. About 30 to 50 composite samples of
manure applied to the fields were obtained each spring and fall. Dry matter,
total Kjeldahl nitrogen and ammonia nitrogen were determined in liquid
manure samples after thorough mixing. Phosphorus and potassium were determined
in dry manure samples. From the tanker load volumes and their representative
composite manure sample analyses, application rates were calculated for nitrogen,
phosphorus and potassium for each manured field.
The three manured fields were planted with the same variety of silage
corn at the same rate (about 54,000 plants/ha) each year. When the crop
was harvested in fall, total yields were determined by weighing every wagon
load of harvested crop removed from each field. A composite crop sample was
obtained and dry matter content was determined. The dry sample was used to
determine the total nitrogen, total phosphorus and potassium content. By relating
the sample analyses to the weight of crop that they represented, yields of dry matter,
nitrogen, phosphorus and potassium were obtained for the crop removed from
each field.
Herbicide applications at the same rate were made on the three fields
(usually post—emergent) in 1975 and 1976 only. A few water samples were
tested for herbicide content during these two years.
Cropping activity in the fields drained by Station 13 was left to the
operational requirements of the Farm but with the requirement that only
chemical fertilizer and no manure be applied. Thus the crops grown and
nutrient application rates to these fields were different from the manured
fields.
Continuous daily flow rates of the tile drainage water were obtained ‘
.from the stage—discharge relationships for the individual flumes. During the
initial flush of the snowmelt runoff, flooding of some flumes was caused
by water backed up from the downstream side. Whenever possible, flow
estimates were made for the few days of flooding on the basis of hydrograph
trends and the consideration that the flow through the tiles during such
period would be restricted due to the head of water on the downstream side.
Water levels of upto 1.5 m above the tile outlets were noticed at times.
During the 1975 field year, bacteriological tests were carried out on the
manure plowedinto the fields and the soil from these fields. Soil samples
at different depths and at different times after the manure application were
examined.
Surface water: Information was collected on the type, composition and rate
of manure and chemical fertilizer applications in the area draining into the
Black Rapids Creek and its tributary. Stream flow rates were obtained by
velocity—area measurements using a Price Type AA current meter for high flows
and a Pygmy meter for low flows. The frequency of stream flow measurement
varied from twice per day during very high flows to once per week during low
flows. Bacteriological examination of stream water samples was conducted in
1975 only.
_13_
  
 EXPERIMENTAL RESULTS
 
Experimental results presented in this section are upto August 31, 1977
for water quality and pollutant transport. Data on manure and fertilizer
applications and crop yields cover the period upto the end of 1977.
Discussion of results and interpretation of data are covered in the next section.
Precipitation:
Both the surface and subsurface flows were influenced by precipitation.
Daily precipitation for the year 1975, 1976 and 1977 is shown in Figures
3a. b and c respectively. The maximum daily precipitation during the study
period was recorded on May 22, 1975. Cumulative total annual precipitation
amounted to 990, 935 and 927 mm in 1975, 1976 and 1977 respectively.
Subsurface water:
Flows: Daily flow rates of tile drainage water are shown in Figures 4a, b
and c for Station F4, in Figures 5a, b and c for Station 15, and in Figures
6a, b and c for Station F10. Flow rates at Stations F4 and F10 were not
obtained for the entire year in 1975 because of the absence of flumes during
part of the year, although water samples were obtained for most of the time.
A few days of flooding were experienced at all four tile stations in 1976,
and at three of the four stations in 1977, due to backed up water during the
initial flush of snowmelt runoff.
Tile drainage water quality: Results of water quality analyses (1975—1977)
are given in Appendix Table A1. Results for six specific water quality
parameters for the individual years 1975, 1976, and 1977 are given in
Appendix Table A2. Results of bacteriological parameters for water quality
are given in Appendix Table A3. Herbicide application history and herbicide
concentration in water samples are given in Appendix Tables A4 and A5
respectively.
Nutrient application rates: Application rates of nitrogen, phosphorus and
potassium in the four experimental fields during the experimental period
(1975—1977), and prior to that (since 1971), are discussed in the next
section.
 
Bacteriological examination of manure and soil samples: A total of 77 samples
of manure applied to the fields in spring and fall and 302 samples of soil
from these fields were examined for bacteriological parameters in 1975 by
-14-
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 Dr. Tennant and Mr. Toxopeus at the National Capital Region Laboratories
of the Environmental Protection Service. Their results are reported in the
next section.
Surface water:
Flows: Most of the annual flow occurred in the initial few weeks of spring.
Considerable variation in the flow rate was sometimes observed between the
morning and afternoon flows during the high flow periods. A typical flow
hydrograph is shown in Figure 7 for Station 6 in 1976.
 
Stream water quality: Results on the physical and chemical quality of stream
water from April 1975 to August 1977 are given in Appendix Table A6. Results
of the bacteriological quality in 1975 are given in Appendix Table A7. This
Tabl
e in
clud
es d
ata
from
two
Stat
ions
, 5
and
9, w
hich
are
loca
ted
in t
he
essentially non—manured area drained by the Baker Creek (Figure 2).
band use practice: Most of the cropped area in the land drained by Black
Rapi
ds C
reek
and
its
trib
utar
y is
norm
ally
unde
r a
3 to
5 ye
ar r
otat
ion
of
corn
and
mixe
d l
egum
e-gr
ass,
with
some
fiel
ds i
n sm
all
grai
n.
Tabl
e 2
show
s
the land use practice during the three—year experimental period.
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TABLE 2
PERCENT OF THE 569 HA CULTIVATED AREA UNDER DIFFERENT CROP TYPES AT THE
SURFACE WATER STUDY SITE
Legumes Small
Year Corn Legumes Grass . Idle
& Grass graln
1975 54.5 26.8 9.6 6.3 O 2
1976 32.6 18.9 26.7 1.6 17.4 2.8
1977 36.3 32.5 16.1 1.6 10.7 2.8
  
 DATA INTERPRETATION AND CONCLUSIONS
 
Subsurface water:
Flow
s:
An
exa
min
ati
on
of
Fig
ure
s
4 a
nd
5 i
ndi
cat
es
that
the
num
ber
of
flo
w
per
iod
s p
er
yea
r a
nd
the
dur
ati
on
of
eac
h f
low
per
iod
are
not
com
par
abl
e i
n
the
two
fie
lds
wit
h
the
sam
e s
oil
typ
e a
nd
til
e d
rai
nag
e s
yst
em.
Com
par
iso
n
wit
h F
igu
re
6
sho
ws
tha
t t
he
til
e d
rai
nag
e p
er
uni
t a
rea
is
les
s i
n t
he
san
dy
fiel
d.
Sta
tio
n F
10,
com
par
ed
to
the
cla
y f
ield
s,
as
wou
ld
be
exp
ect
ed.
An
ana
lys
is
of
tile
flo
w d
ata
is
pre
sen
ted
in
Tab
les
3a,
b,
and
C.
Til
e
flow
data
for
the
year
1976
in T
able
3a s
hows
that
more
than
90%
of t
he
ann
ual
tile
flo
w o
ccu
rre
d d
uri
ng
the
spr
ing
runo
ff.
Til
e d
rai
nag
e r
uno
ff
as
a f
rac
tio
n o
f t
he
tot
al
ann
ual
pre
cip
ita
tio
n w
as
onl
y a
bout
one
—fi
fth
and
one
—te
nth
res
pec
tiv
ely
for
the
fin
e—t
ext
ure
d s
oil
and
the
coa
rse
-te
xtu
red
soil
.
Dat
a f
or
the
sma
ll
cla
y f
iel
d f
or
1975
, F
igu
re
5a,
sho
wed
that
whil
e mo
re t
han
90%
of t
he a
nnua
l ti
le f
low
occu
rred
in w
inte
r an
d sp
ring
runo
ff,
the
tile
drai
nage
runo
ff a
s a
frac
tion
of t
he t
otal
annu
al
pre
cip
ita
tio
n w
as
abo
ut
two
—fi
fth
s (
402
mm
runo
ff,
990
mm
ann
ual
pre
cip
ita
tio
n).
Peak
flow
s re
cord
ed o
n th
e sa
me d
ate
at t
he t
hree
fiel
ds a
re c
ompa
red
in
Tab
le
3b.
The
sma
ll
cla
y f
iel
d (
Sta
tio
n 1
5)
had
0.8
to
2.2
tim
es
the
runo
ff p
er u
nit
area
than
that
reco
rded
for
the
larg
e cl
ay f
ield
(Sta
tion
F4)
On f
ive
out
of s
ix s
uch
occa
sion
s,
howe
ver,
the
runo
ff f
rom
the
smal
l cl
ay
field exceeded the runoff from the large clay field. The small clay field
(Sta
tion
15)
had
runo
ffs
2.0
to 4
.9 t
imes
the
runo
ff f
rom
the
sand
y fi
eld
(Station F10). On average, the small clay field (Station 15) had 1.4 times
the
runo
ff f
rom
the
larg
e cl
ay f
ield
(Sta
tion
F4)
and
3.3
time
s th
e ru
noff
from the sandy field (Station F10).
Runoff caused by rainfall—induced peak flow events lasting for a few
days are compared for the three fields in Table 3c. The small clay field
had
1.1
to 1
.8 t
imes
the
runo
ff p
er u
nit
area
comp
ared
to t
he l
arge
clay
fiel
d an
d 2.
1 to
3.8
time
s th
e ru
noff
comp
ared
to t
he s
andy
fiel
d.
On a
vera
ge,
the
smal
l cl
ay f
ield
(Sta
tion
15)
had
runo
ff v
alue
s th
at w
ere
1.2
time
s th
e
larg
e cl
ay f
ield
(Sta
tion
F4)
and
2.6
time
s th
e sa
ndy
fiel
d (
Stat
ion
F10)
.
Wate
r qu
alit
y:
Exam
inat
ion
of d
ata
in T
able
A1 r
evea
ls t
hat
the
valu
es f
or
most
para
mete
rs w
ere
comp
arab
le i
n al
l fi
elds
incl
udin
g th
e no
n—ma
nure
d,
chemically-fertilized field (Station 13) except that tile water from the
coarse—textured soil field (Station F10) had considerably highervalues for
specific conductivity, total solids, nitrate nitrogen and potassium but lower
 
_30_
TABLE 3a
SUMMARY OF TILE FLOW DATA, 1976
ARI Greenbelt Farm, Ottawa
  
Station Runoff
and Flow Dates No. of
drainage period of flow days of Z Annual Z Annual
area, ha number 1976 flow cm flow precipitation
F4 1 3/25: 7/ 1 99 12.47b 93.5b 13.3b.
27.5 ha 2 10/ 9:10/18 10 0.32 2.4 0.3
clay loam .
3 10/20:11/ 7 19 0.52 3.9 0.5 1
4 11/27 11/30 4 0.02 0.2 0.0 W
H
Total 132 13.33b 100.0b 14.2b ﬂ
"1 2!
15 1 3/19: 5/30 73 20.45 100.0 21.8 w
133%
4.1 ha Total 73 20.45 100.0 21.8 W
clay loam a
1
F10 1 3/23: 7/ 6 106 9.49 97.0 10.1 H
5.6 ha 2 10/ 9:10/16 8 0.09 0.9 0.1 i
sandy loam f
3 10/20 11/ 6 18 0.20 2.0 0.2 H
4 ll/Z7:ll/30 4 0.00 0.0 0.0 H
1
Total 136 9.78 100.0 10.5 d
aAnnual precipitation — Jan. 1 to Dec. 31: 935 mm. L
bExcludes runoff which c0uld not be estimated during period of flooding.
n
4
«
n
a
n
-
a
w
a
w
n
-
.
1
3
)
.
.
.
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COM
PAR
ISO
N O
F S
ING
LE—
DAY
PEA
K F
LOW
S I
N T
ILE
—DR
AIN
ED
FIE
LDS
TABLE 3b
ARI Greenbelt Farm,
Ottawa
 
Tile stations (drainage areas)
Runoff ratios
  
Date of
Yea
r
pea
k f
low
F4
15
F10
15_
15
F4
(27.5 ha, (4.1 ha, (5.6 ha, F4 F10 F10
Cl
ay
lo
am
)
Cl
ay
lo
am
)
sa
nd
y
lo
am
)
runoff, cm
1975
Dec.
15
.10
0.90
.40
.82
2.25
.75
1976
Apr.
23
.24
0.52
.14
.17
3.71
.71
May 8 .13 0.21 .055 .62 3.82 .36
May 20 .28 1.49 .49 .16 3.04 .61
Oct. 11 .092 — .020 - — .60
Oct. 21 .22 — .088 — — .50
1977 Apr. 14 .14 0.16 .081 .14 1.98 .73
Apr. 26 .20 0.35 .071 .75 4.93 .82
 
-32-
 TABLE 3c
COMPARISON OF "PEAK" FLOW EVENTS IN TILE—DRAINED FIELDS
ARI Greenbelt Farm, Ottawa
  
Peak flow Tile stations (drainage areas) Runoff ratios
event dates
Year (inclusive) F4 15 F10 12_ 15 E4
(27.5 ha. (4.1 ha, (5.6 ha, F4 F10 F10
clay loam) clay loam) sandy loam)
rungﬁf, cm
1975 Dec.14 to 20 2.14 2.27 1.05 1.06 2.16 2.04
1976 Apr.21 to 30 1.53 1.68 0.73 1.10 2.30 2.10
May 6 to 18 0.97 1.12 0.46 1.15 2.43 2.11
May 19 to 30 4.48 5.04 1.63 1.13 3.09 2.75
Oct. 9 to 17 0.32 — 0.09 — — 3.56
Oct.20 to 30 0.51 - 0.18 — — 2.83
1977 Apr.12 to 17 0.61 0.77 0.36 1.26 2.14 1.69 1
Apr.24 to May 1 0.69 1.21 0.32 1.75 3.78 2.16
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 values for total Kjeldahl nitrogen. As the manured fields were given the
same cropping treatment in 1975, 1976 and 1977, the observed difference has
to be attributed to the history of nutrient applications on these fields
prior to the start of the experiment and to the type of soil. Figures 8a,
b and c show the annual application rates of nitrogen, phosphorus and
potassium respectively in the four experimental fields from 1971 to 1977
inclusive, and the 1975—1977 annual mean concentrations of these elements
in the tile drainage water. The sandy field drained by Station F10 had a
history of high manure application rates prior to the start of the
experiment. This field has been an experimental "disposal" field for manure.
The higher values for the parameters mentioned above for Station F10 are
undoubtedly attributable to excessively high applications of manure in this
field. Phosphorus concentrations do not appear to be affected by manure
application rates. Low concentrations of total Kjeldahl nitrogen in water
at Station F10 would be due to sandy soil which tends to be more aerobic
compared to clay soils and hence more subject to mineralization.
Although standards and objectives do not exist for tile drainage water
quality, it is desirable that tile water draining agricultural fields should
not be excessively polluted. Appendix Table A10 lists the Canadian
objectives and standards for public water supplies for the parameters of
concern that were also studied in this work. Results in Tables A1 and A2
indicate that with one exception, manure application rates of about 500
kg N/ha/yr split between spring and fall applications for three successive
years on corn fields, did not lead to excessive or unacceptable deterioration
of physical or chemical quality of tile drainage water. The exception is
nitrate nitrogen, the high concentration of which was undoubtedly related
to the prior history of high manure application rates. This may be observed
in Figure 8a. In the case of Station F4, the mean nitrate nitrogen
concentration increased from 1.6 mg/l in 1975 to 3.6 mg/l in 1976 and to
5.1 mg/l in 1977. The mean concentration after three years waswell below
the permissible limit. Continued manure applications at comparable rates
would eventually lead to concentrations in excess of this limit. It may
be noted that the permissible limit is based on nitrogen concentration in
nitrate plus nitrite. However nitrite nitrogen concentration in surface
and ground waters is normally much below 0.1 mg/l and seldom exceeds 1 mg/l
even in sewage-treatment—plant effluents , and therefore, nitrite nitrogen
has not been considered in this study. Concentrations of nitrate nitrogen
exceeding 10 mg/l at Station 15 deuld be explained by the prior (1973 and
1974) high manure application rates of 720 kg N/ha/yr (Figure 8a), and by the
low removal of nitrogen by the winter rye and sorghum Sudan crops planted in
those years (Table 1). However, it should also be noted that the annual
mean concentrations of nitrate nitrogen in tile water from the chemically
fertilized field (Station 13), with considerably lower rates of nitrogen
application (Figure 8a), are comparable to nitrate nitrogen concentrations in
water at Station 15.
Bacteriological quality results for tile drainage water, shown in
Table A3, indicated very low geometric mean and median values for all test
parameters, at both the fine— and coarse—textured soil fields, which easily
meet recreational water quality objectives. Also, the fecal coliform and
fecal streptococci counts in water from manured fields were quite comparable
to the counts in water from the non—manured, chemically fertilized field
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8a.
Annual
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application
rates
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ta
ti
on
13)
.
In
cr
ea
se
d
ba
ct
er
ia
l
co
nc
en
tr
at
io
ns
we
re
ob
se
rv
ed
at
al
l
stations following heavy rainfall events.
Con
cen
tra
tio
ns
of
atr
azi
ne
and
de—
eth
yl
atr
azi
ne
wer
e
fou
nd
to
be
gen
era
lly
low
in
the
til
e d
rai
nag
e w
ate
r
(Ta
ble
A5)
.
Con
cen
tra
tio
ns
wer
e
hig
her
in
the
san
dy
fie
ld,
Sta
tio
n
F10
,
to
whi
ch
atr
azi
ne
was
app
lie
d
eve
ry
yea
r
fro
m
197
2
to
197
6 i
ncl
usi
ve,
com
par
ed
to
con
cen
tra
tio
ns
at
the
oth
er
two
man
ure
d
fie
lds
to
whi
ch
atr
azi
ne
was
app
lie
d
in
197
5
and
197
6 o
nly
.
Atr
azi
ne
and
de—
eth
yl
atr
azi
ne
wer
e
fou
nd
in
wat
er
at
Sta
tio
n
13
(Ta
ble
A5)
mor
e
tha
n
2 y
ear
s
aft
er
the
las
t
app
lic
ati
on
of
atr
azi
ne
(Ta
ble
A4)
.
But
yla
te
(Su
tan
)
was
not
det
ect
ed
in
til
e w
ate
r
in
any
fie
ld
in
the
fir
st
yea
r
of
app
lic
ati
on,
197
6.
Sam
ple
s w
ere
not
ana
lyz
ed
for
her
bic
ide
con
ten
t i
n 1
977
.
Tes
ts
for
vir
use
s w
ere
car
rie
d o
ut
on
sam
ple
s o
f t
ile
dra
ina
ge
wat
er
col
lec
ted
on
Jun
e 6
, 1
975
, a
t S
tat
ion
s 1
5 a
nd
F10
.
The
fie
ld
dra
ini
ng
to
Sta
tio
n 1
5 r
ece
ive
d p
low
ed—
in
man
ure
on
May
21
and
26,
197
5,
and
the
fie
ld
dra
ini
ng
to
Sta
tio
n F
10
rec
eiv
ed
plo
wed
—in
man
ure
on
May
5 a
nd
6,
197
5.
No
vir
use
s w
ere
iso
lat
ed
fro
m e
ith
er
sam
ple
.
The
tes
ts
wer
e c
ond
uct
ed
by Dr. Derbyshire at the University of Guelph.
Nut
rie
nt
bal
anc
e f
or
man
ure
d f
iel
ds:
Nut
rie
nt
bal
anc
es
are
sho
wn
in
Tab
les
43,
b a
nd
c f
or
the
thr
ee
man
ure
d f
iel
ds
dra
ine
d a
t S
tat
ion
s F
4 (
lar
ge
clay
),
15
(sm
all
clay
) a
nd
F10
(sm
all
sand
y)
res
pec
tiv
ely
.
The
se
are
bas
ed
on
nut
rie
nt
app
lic
ati
ons
in
the
fall
of
the
pre
vio
us
yea
r a
nd
the
spr
ing
of
the
cur
ren
t y
ear
; t
hey
are
bal
anc
ed
aga
ins
t n
utr
ien
t r
emo
val
s i
n t
he
cro
p
har
ves
ted
(in
the
cur
ren
t y
ear)
and
in
the
tile
dra
ina
ge
wat
er
in
the
sam
e
inte
rval
as t
he n
utri
ent
appl
icat
ions
abov
e (i
.e.,
betw
een
crop
harv
ests
).
Res
ult
s o
f T
abl
e 4
sho
w t
hat
(i)
the
amo
unt
of
nut
rie
nts
rem
ove
d i
n t
ile
drai
nage
wate
r wa
s no
t si
gnif
ican
t co
mpar
ed
to t
he n
utri
ents
appl
ied
in
man
ure
and
(ii)
nut
rie
nts
rem
ove
d i
n t
he
cro
p a
nd
the
tile
dra
ina
ge
wat
er
acc
oun
ted
for
onl
y 1
5 t
o 4
0 p
erc
ent
of
the
nut
rie
nts
app
lie
d i
n m
anu
re.
The
dif
fer
enc
e b
etw
een
app
lic
ati
on
and
kno
wn
rem
ova
l r
epr
ese
nts
acc
umu
lat
ion
in
the
soil
, l
oss
to
gro
und
wat
er,
loss
in
sur
fac
e r
uno
ff
and
loss
to
the
atm
osp
her
e.
The
los
s t
o g
rou
nd
wat
er
may
be
con
sid
ere
d t
o b
e s
mal
l b
eca
use
for
mos
t o
f t
he
sub
sur
fac
e w
ate
r,
til
e d
rai
nag
e w
oul
d r
epr
ese
nt
the
pat
h
of l
east
resi
stan
ce f
or f
low.
The
loss
in s
urfa
ce r
unof
f ca
n al
so b
e
exp
ect
ed
to
be
rel
ati
vel
y l
ow
bec
aus
e (
i)
a l
arg
e p
art
of
the
run
off
is
fro
m
the
snow
—cov
er o
n th
e gr
ound
whic
h wo
uld
have
had
litt
le c
onta
ct w
ith
soil
;
(ii)
the
manu
re i
s in
corp
orat
ed i
nto
soil
imme
diat
ely
afte
r ap
plic
atio
n an
d
the
soi
l m
ay
sti
ll
be
par
tly
fro
zen
whe
n t
he
lar
ge
Sur
fac
e r
uno
ff
occ
urs
;
(iii
) th
e fi
elds
’sur
face
s ar
e re
lati
vely
flat
.
Loss
to t
he a
tmos
pher
e,
esse
ntia
lly
of n
itro
gen
by a
mmon
ia v
olat
iliz
atio
n or
deni
trif
icat
ion,
is
expe
cted
to b
e lo
w be
caus
e of
unfa
vora
ble
cond
itio
ns S
uch
as i
mmed
iate
plow
—
down of manure, soil pH of 6.4 to 6.7, and others discussed in Appendix IV.
It is therefore reasonable to assume that a large proportion of the
nutr
ient
s ap
plie
d in
manu
re r
emai
ned
in t
he s
oil.
Over
a pe
riod
of t
ime,
acc
umu
lat
ion
of
nut
rie
nts
wou
ld
lea
d t
o i
ncr
eas
ed
con
cen
tra
tio
ns
in
tile
drainage water due to leaching of soluble and mobile nutrients. This was
observed in the case of tile drainage water from Station F10 as discussed
earlier.
 
Results of Table 4 show that nutrient transports to tile drainage water
were not comparable in the three fields although they were of the same
-38-
 TABLE 4a
NUTRIENT BALANCE FOR MANURED FIELD DRAINED AT STATION F4
ARI Greenbelt Farm, Ottawa
Drainage area: 27.5 ha, clay loamsoil
 
Nutrient Application emoval rate in Unaccounted
element Year rate crop tile waterC by difference
§g_ Z 3g_ Z of ‘Eg Z of kg Z of
ha ha applied ha applied ha applied
Nitrogen 1975 271 100 77.4 28.6 — — — -
1976 490 100 112.3 22.9 7.0 1.4 370.7 75.7
1977 523 100 122.3 23.4 8.6 1.6 392.1 75.0
Phosphorus 1975 85 100 14.7 17.3 — — — —
1976 116 100 22.2 19.1 0.16 0.1 93.6 80.7
1977 107 100 24.3 22.7 0.19 0.2 82.5 77.1
Potassium 1975 286 100 81.2 28.4 — - — —
1976 429 100 98.6 23.0 3.1 0.7 327.3 76.3 ‘
1977 414 100 118.3 28.6 2.4 0.6 293.3 70.8
a . . . .
Application rate covers the period between harvests, that is, the sum of the
post—harvest fall application in the previ0us year and the spring application in
the current year.
bRemoval rate in the crop for the year 1977 is calculated using 1977 analyses for
dry matter and an average of 1975 and 1976 analyses for N, P and K content in
dry matter.
CRemoval rate in tile water covers the period between harvests but excludes possible
removal during the few days of flooding caused by spring snowmelt in 1976 and 1977.
Data on tile drainage flow prior to the harvest in 1975 were not obtained.
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 NU
TR
IE
NT
BA
LA
NC
E
FO
R
MA
NU
RE
D
FI
EL
D
DR
AI
NE
D
AT
ST
AT
IO
N
15
Drainage area:
TABLE 4b
ARI Greenbelt Farm,
Ottawa
4.1 ha, clay loam soil.
Nu
tr
ie
nt
Ap
pl
ic
ag
io
n
em
ov
al
ra
te
in
C
Un
ac
co
un
te
d
el
em
en
t
Ye
ar
ra
te
cr
op
ti
le
wa
te
r
by
di
ff
er
en
ce
§g
_
Z
kg
Z
of
§g
_
Z
of
»§g
_
Z
of
ha
ha
ap
pl
ie
d
ha
ap
pl
ie
d
ha
ap
pl
ie
d
Ni
tr
og
en
19
75
62
5
10
0
12
1.
4
19
.4
53
.2
8.
5
45
0.
4
72
.1
19
76
53
0
10
0
10
5.
6
19
.9
34
.4
6.
5
39
0.
0
73
.6
19
77
47
8
10
0
11
4.
8
24
.0
15
.0
3.
1
34
8.
2
72
.8
Ph
os
ph
or
us
19
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.
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 NUTRIENT BALANCE FOR MANURED FIELD DRAINED AT STATION F10
ARI Greenbelt Farm,
TABLE 4c
Ottawa
Drainage area: '5.6 ha,
sandy loam soil.
Nutrition Applicatgon moval rate in C Unaccounted
element Year rate crop tile water by difference
kg % kg Z of Kg Z of Kg Z>of
ha ha applied ha applied ha applied
Nitrogen 1975 732 100 139.4 19.0 - ‘ ‘
1976 448 100 134.4 30.0 36.4 8.1 277.2 61.9
1977 446 100 136.5 30.6 15.9 3.6 293.6 65.8
Phosphorus 1975 255 100 23.9 9.4 - — ‘ ‘
1976 106 100 25.1 23.7 0.08 0.1 80.8 76.2
1977 102 100 24.4 23.9 0.06 0.1 77.5 76.0
Potassium 1975 585 100 131.5 22.5 - ‘ ‘
1976
391
100
145.
6
37.2
4.4
1.1
241.
0
61.6
1977 333 100 138.5 41.6 1.2 0.4 193.3 58.0
a . . . .
Appl
icat
ion
rate
cove
rs t
he p
erio
d be
twee
n ha
rves
ts,
that
18,
the
sum
of t
he
pos
t-h
arv
est
fall
app
lic
ati
on
in
the
pre
vio
us
yea
r a
nd
the
spr
ing
app
lic
ati
on
in the current year.
fertilizer) were inadvertently applied with the planter.
bRe
mov
al
rat
e i
n t
he
cro
p f
or
the
yea
r 1
977
is
cal
cul
ate
d u
sin
g 1
977
ana
lys
es
for
In 1975, 50 kg/ha of N and 70 kg/ha of P (as chemical
dry
mat
ter
and
an
ave
rag
e o
f 1
975
and
197
6 a
nal
yse
s f
or
N,
P a
nd
K c
ont
ent
in
dry matter.
CRe
mov
al
rat
e
in
til
e w
ate
r
cov
ers
the
per
iod
bet
wee
n h
arv
est
s
but
exc
lud
es
pos
sib
le
rem
ova
l d
uri
ng
the
few
day
s o
f f
loo
din
g c
aus
ed
by
spr
ing
sno
wme
lt
in
1976 and 1977.
not obtained.
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 Herbicide removal:
order of magnitude.
This would be due to the variations in flows and
differences in prior history of nutrient application rates.
Table 5 shows the herbicide applications in the fields
and
removal
in
tile drainage water.
The
results
demonstrate
that
an
insignificant
amOunt
of atrazine was
lost
to
the
tile
drainage water
compared
to the amounts applied.
Bacteriological
examination
of manure
and
soil:
The
results
of
the
bacteriological
examination of manure
applied
to the
fields
and
the soil
from
the same
fields
have
been
reported by
Toxopeus
et
al.
These
tests
were
carried out in 1975 only.
Spring—applied winter—stored
manure,
derived
from
storage
tanks
had
fecal coliform MF counts
ranging
from
1,200
to
52,000 per
gram with
a median
value
close
to
10,000
per
gram
in
the
22
samples
examined.
These numbers
are
considerably
lower
than
for
fresh
feces.
Fifty—five
samples
from fall—applied
trench
manure
(consisting of
a mixture
of
recently
stored manure
and
relatively
fresh excrement)
had a
fecal
coliform
MF count
ranging
from
34,000
to
3,100,000
with
a
central
tendency
near
1,000,000
per
gram.
The bacterial
counts
for the
other
four
test
parameters
also
showed
a
wide
variation.
Tank—stored
liquid
manure
was
characterized
by
low
fecal
coliformzfecal
streptococcus
ratios.
Tank
manure
applied
to
the
large
clay
field
(Station
F4)
in
the
spring
had
a
geometric
mean
FC:FS
ratio
of
only
0.5.
Combined
trench
and
tank manure
ratios
for
fall—applied
manure
on
the
same
field
had
a geometric mean
of
1.2,
and
individual
samples had
ratios
as
high
as
8.2
Fall-applied
trench
manure
at
the
small
clay
field
(Station
15)
had
a
geometric
mean
FC:FS
ratios
of
1.95
with
a
maximum
ratio
of
4.4
These
inconsistencies
in
the
bacterial
content
of
liquid
manure
made
it virtually
impossible
to derive
any
precise
estimate
of mean
bacterial
application
to
soil,
particularly
on
a
large
field—scale
study.
Soil
samples
at
three
depth
levels
were
tested
for
each
of
the
five
test
parameters
and
after
manure
plowdown
in
the
fields
in
spring
and
fall
in
order
to
get
information
on
soil
bacterial
content
and
its
relationship
to
contribution
of
bacteria
in
manure
to
subsurface
waters.
A
total
of
302
soil
samples
were
collected
from
the
three
fields
at
upper,
middle
and
lower
levels
which
were
respectively
5 to
10,
15
to
30 and
25
to 45
cm below
the soil
surface.
The
data
for
the
two
study
periods,
for
each
of
the
three
soil
depths,
and
for
each
of
the
five
test
parameters,
were
subjected
to
linear
regression
analysis;
counts
for
each
parameter
were
entered
as
log
numbers
for
y,
with
time
in
days
as
x,
in
the
general
equation
y
=
mx
+b.
The
slope
values
(m)
and
the
y
values
(in
counts
per
gram)
for
each
parameter
at
0—day
and
lOO-day
times
were
calculated
from
the
best-fit
lines.
Minor
and
major
changes
in
the
slope
values
were
used
to
determine
bacteriologically
significant
changes.
The
analysis
indicated
that
total
coliform
numbers
tended
to
increase
probably
because
of
in
situ
multiplication
in
response
to
nutrients
added
with
manure.
Conversely,
fecal
coliform
and
fecal
streptococcus
numbers
tended
to
decrease;
end—point
counts
tended
to
be
below
detectable
levels.
This
observation
demonstrates
the
unsuitability
of
total
coliforms
as
pollution-
index
tracer
organisms.
Standard
Plate
Counts
tended
to
remain
static
or
to
increase
slightly
during
the
soil
study
periods.
Particularly
during
the
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 TABLE 5
HERBICIDE APPLICATION ON FIELDS AND REMOVAL IN TILE DRAINAGE WATER
A.R.I. Greenbelt Farm, Ottawa.
 
Field Atrazinea Herbicide removal in tile water
. agglication Period, Dates Atrazine, de—ethyl
Station .
Date Amount,g g atra21ne,g
F4 10-6-75 38,600 1-7—75 to 31-5-76 2.09 b
clay loam 3-76 to 31-5—76 5.38
1—6—76 30,900 1—6-76 to 31—12—76 0.19 0.38
15 10—6—75 5,730 10-6—75 to 1—6—76 0.88 b
clay loam 3—76 to 1—6—76 1.68
2-6—76 4,580 2-6—76 to 31—12-76 0.0 0.0
F10 28—5-75 7,820 1—7—75 to 1—6-76 3.08 b
sandy 3-76 to 1—6-76 6.30
10am 2—6—76 6,260 2-6—76 to 31-12-76 0.20 0.32
a —technical grade,minimum 94% pure atrazine.
b —ti1e drainage water was not analyzed for de—ethyl atrazine in 1975.
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 summer, the slope data indicated a significant die—off of fecal coliforms
and fecal streptococci which could not be verified in subsurface water
because of lack of flow. In general, bacterial c0unts tended to be lower in
soil samples collected during the summer period, probably because of the
application of relatively low—count long—stored tank manure in spring. There
was also a trend to lower bacterial numbers (all parameters) with increasing
sample depth (in soil).
Surface water:
Physical and chemical quality: Results given in Table A6 show that the mean
and median values of parameters in the water leaving the drainage area at
Stations 2 and 3 were well within the standards and objectives for raw
surface water supplies listed in Table A10. The mean and median values
for the water leaving the watershed were generally either comparable to or a
little above the mean and median values for the water entering the watershed
at the inlet Stations 6, 7, 8 and DOT. For all stations, increased scatter
in values for all parameters was observed during the snowmelt runoff period.
 
Drainage water at Station 3 was from an area which was subjected to
normal cropping operation, and to which no manure was applied since 1974,
whereas water at Station 2 was from an area which received substantial
manure applications in addition to normal recommended fertilizer applications
for the crops planted. Dissolved oxygen values indicated that contribution
of readily biodegradable material from manuring activity was not great.
Slight increase in the specific conductivity of the water leaving the drainage
area indicated some contribution of dissolved ionic material to the drainage
water. Results for total, suspended and volatile suspended solids (total,
nonfiltrable and volatile nonfiltrable residue) again indicated some
contribution from the cropping activity. On the average, suspended solids
constituted about 10 percent or less of the total solids at all stream
stations, and about 40 percent of this suspended material was volatile.
Concentrations of nitrate nitrogen were found to have the greatest relative
increase over the inlet water concentrations compared to other chemical
quality parameters. Filtered total phosphorus constituted about half the
total phosphorus in the raw water samples at all the stations. Increased
nutrient concentrations indicated some contribution from cropping activity,
but again, the contribution was not excessive.
Bacteriological quality: Examination of stream water samples by Mr. H.R.
Toxpeus and Dr. A. D. Tennant of Environment Canada showed (Table A7) that
bacterial densities were comparable for water draining from heavily manured
land (Station 2) and essentially non—manured land (Stations 3 and 5) within
the Animal Research Institute Farm. This led to the conclusion that fecal
indicator bacteria concentrations in drainage streams were not influenced by
the manuring activity. The observed fecal indicator bacteria concentrations
in stream water were attributed to the native and transient animal and bird
population at the Farm. Low geometricmean and median values for fecal
coliformszfecal streptococci ratios indicated that the observed fecal
bacteria were essentially from non—human sources. As in the case of tile
drainage water, major increases in bacterial numbers were observed in water
samples collected after significant rainfall events.
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 The reasonably good physical, chemical and bacteriological quality of
the stream drainage water from the intensively manured and cropped watershed
can be attributed principally to the management factors of immediate plow—
down of manure into soil following application, restriction of manure
applications to relatively dry periods, provision for storage of manure
during wet weather and winter, rotation of fields for manure applications,
and manure applications away from stream banks.
Pollutant and nutrient transport to streams: The values given in Table A9
indicate that losses of upto 1000, 400, 24, l and 16 kg/ha/yr can be reached
for total solids, suspended solids, nitrogen, phosphorus and potassium
respectively, as calculated for 1976. Loss estimates for 1977 upto the end
of August are considerably lower than the estimates for 1976 for the same
period. It appears that flow pattern during heavy spring flows, which is
dependent on ambient temperature and precipitation, influences pollutant
and nutrient contributions to surface streams. The spring of 1976 was
characterized by a rapid thaw resulting in very heavy flows and flooding.
The spring of 1977 was characterized by a thaw followed by freeze—up, so
that there were fewer days with very heavy flows. The results of Table A9
show that nutrient and pollutant losses to stream drainage water can be
substantially different from year to year, and this appears to be influenced
by conditions of flow.
The percentage of applied nutrients lost to stream water in the drainage
area is shown in Table 6. The loss of applied phosphorus is quite low, but
upto one—sixth of the nitrogen and potassium in the fertilizer and manure
applied to the area could be lost to drainage water. The actual numbers
shown in Table 6 could be slightly different when more refined calculations
on loss to stream water are completed in the future but the conclusion
would remain the same.
Calculation of annual transport as a product of the annual mean
concentration and the annual total flow did not always give values close
to t
hose
show
n in
Tabl
e A9
(e.g
. su
spen
ded
soli
ds a
nd t
otal
Kjel
dahl
in 1
976)
.
This
is c
ause
d by
the
infl
uenc
e of
very
heav
y fl
ows
for
very
few
days
on
tota
l tr
ansp
orts
.
Caut
ion
is t
here
fore
advi
sabl
e in
the
use
of a
nnua
l me
an
values to calculate annual total loadings.
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 TABLE 6
LOS
S O
F A
PPL
IED
NUT
RIE
NTS
TO
SUR
FAC
E W
ATE
R I
N T
HE
BLA
CK
RAP
IDS
CRE
EK
DRAINAGE AREA
ARI Greenbelt Farm, Ottawa
Des
cri
pti
on
Nut
rie
nt
Year N P K
App
lic
ati
on
rat
e
kg/
ha
197
5
134
67
130
Los
s t
o s
urf
ace
str
eam
sa
kg/
ha
18.
6
0.1
3.6
Z of applied nutrient
los
t
to
sur
fac
e w
ate
r
13.
9
0.2
2.8
App
lic
ati
on
rat
e
kg/
ha
197
6
154
42
116
Loss
to s
urfa
ce s
trea
ms
kg/h
a
24.2
0.8
16.2
X of applied nutrient
los
t t
o s
urf
ace
wat
er
15-
7
1-9
14~
0
Application rate b kg/ha 1977 128 46 120
Los
s t
o s
urf
ace
str
eam
s
kg/
ha
8.2
0-6
6.6
2 of applied nutrient
los
t t
o s
urf
ace
wat
er
6-4
1-3
5-5
aAfter April 22, 1975
bUpto August 31, 1977
-46-
 RE
LA
TI
ON
SH
IP
OF
RE
SU
LT
S
TO
PL
UA
RG
OB
JE
CT
IV
ES
Th
e
ef
fe
ct
of
la
nd
in
co
rp
or
at
io
n
of
la
rg
e
qu
an
ti
ti
es
of
ma
nu
re
on
th
e
qu
al
it
y
of
su
rf
ac
e
an
d
su
bs
ur
fa
ce
dr
ai
na
ge
wa
te
r
in
a
la
rg
e
cr
op
pi
ng
op
er
at
io
n
ha
s
be
en
es
ta
bl
is
he
d
un
de
r
ce
rt
ai
n
co
nd
it
io
ns
of
ma
na
ge
me
nt
pr
ac
ti
ce
s
an
d
st
ud
y—
si
te
de
ta
il
s.
An
nu
al
un
it
ar
ea
lo
ad
in
gs
to
su
bs
ur
fa
ce
wa
te
r
fr
om
ma
nu
re
d
fi
el
ds
an
d
to
su
rf
ac
e
dr
ai
na
ge
wa
te
r
fr
om
a
ma
nu
re
d
an
d
fe
rt
il
iz
ed
cr
op
pi
ng
op
er
at
io
n
ha
ve
be
en
ob
ta
in
ed
.
Co
nd
it
io
ns
un
de
r
wh
ic
h
po
ll
ut
an
t
co
nt
ri
bu
ti
on
s
to
st
re
am
s
ca
n
in
cr
ea
se
ha
ve
be
en
di
sc
us
se
d.
‘47-?
 
  
REFERENCES
International Reference Group on Pollution of the Great Lakes from Land
Use Activities, "Detailed Study Plan to Assess Great Lakes Pollution
from Land Use Activities", March 1974.
American Public Health Association, Washington, D.C., Standard Methods
for the Examination of Water and Wastewater, 13th Edition, 1971.
U.S. Environmental Protection Agency, Office of Technology Transfer,
Washington. D.C., Methods for Chemical Analysis of Water and Wastes, 1974.
Sawyer. C.N. and McCarty, P.L., Chemistry for Sanitary Engineers,
McGraw Hill, 1967, p.429.
Toxopeus, H.R., Bastien. J.A.P., Beauchamp, M., Vandewint, J., and
Tennant, A.D., "Bacteriological Data Summary, 1975, Pollutant Transport
to Subsurface and Surface Waters in an Integrated Farm Operation, Animal
Research Institute, Canada Department of Agriculture", December, 1975.
-48-
 APPENDIX I
DESCRIPTION OF SOILS IN THE DRAINAGE AREA
Information on soils in the drainage area of this study was available from
the Soil Research Institute (now the Land Resource Research Institute),
Agriculture Canada and the Geography Division, Survey and Mapping Branch,
Department of Energy, Mines and Resources, Ottawa. This information,
published in 1976, is summarized below. Additional information on soil
associations, engineering test data, cross—sectional diagrams and water
table levels in the region are available from the above sources.
Figure Al shows a soil map of the area. The dominant soil associations
are Dalhousie, Manotick and Uplands. Details of these and others are as
follows:
1. CASTOR: Medium to slightly acid, moderately coarse to medium—textured,
marine and estuarine veneer (25 to 100 cm) overlying neutral, moderately
fine to fine—textured marine material.
2. CHATEAUGUAY: Slightly acid to neutral, medium to moderately fine—
textured modified marine veneer (25 to 100 cm) overlying mildly alkaline,
moderately coarse-textured, stony glacial till.
3. DALHOUSIE: Neutral, fine-textured modified marine materials, interbedded
with layers of silty sediments within 2 m of the surface.
Parent material texture — silty clay, clay
depth - > 2 m
reaction- neutral, pH 6.6 - 7.3
Surface texture- clay loam, loam
Land form - level marine
Surface expression — level to gently sloping; slopes 0—2% ,
Soil drainage — poor A
Soil taxonomic components - Orthic Humic Gleysol (Brandon Series)
4. ERODED CHANNEL: Erroded gullies, steep valley walls and narrow creekbeds.
5. MA
NOTIC
K:
Stron
gly a
cid,
coars
e-tex
tured
marin
e and
estua
rine
venee
r
4
(25 to 100 cm) overlying neutral, moderately fine to fine-textured marine
clay.
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Figure Al.
Soil map of the drainage area of Black Rapids Creek,
within the Greenbelt Farm, Animal Research Institute, Ottawa.
  
 Parent material texture — fine sand, loamy fine sand
depth — 25 to 100 cm to marine clay
reaction— strongly acid, pH 5.1 — 5.5
Surface texture — fine sandy loam, loamy fine sand
Land form — level marine and fluvial veneer over level marine
Surface expression - level to very gently sloping; slopes O—ZZ
— very gently sloping to gently undulating;
slopes 1—3%
Soil drainage — imperfect to poor
Soil taxonomic components — Orthic Humic Gleysol (Allendale Series)
— Gleyed Sombric Brunisol (Mountain Series)
PIPERVILLE: Slightly acid to neutral, moderately coarse to medium—textured
marine and estuarine materials. Fluvium in abandoned river channel floors
and terraces.
. UP
LAND
S:
Very
stro
ngly
to s
tron
gly
acid
, co
arse
—tex
ture
d (
medi
um t
o
fine sand), marine and estuarine materials. Fluvium in abandoned river
channel floors and terraces.
Parent material texture - sand
depth — > 2 cm
reaction— very strong to strongly acid, pH 4.6 — 5.5
Surface texture — loamy sand, sandy loam
Lan
d f
orm
-
Und
ula
tin
g e
olia
n,
lev
el
to
und
ula
tin
g m
ari
ne
and
flu
via
l
blanket
Surface expression — level to undulating; slopes 0—5Z
Soil drainage — excessive to imperfect
Soil taxonomic components — Orthic Sombric Brunisol
(Carlsbad Series), Gleyed Sombric Brunisol
(Ramsayville Series), Orthic Humic Gleysol
(St. Samuel Series)
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 APPENDIX II
ANALYTICAL METHODOLOGY
Field determinations:
Temperature: Determined with a mercury in glass thermometer.
pH: Determined using a Radiometer Model PHM29 portable pH meter with a
Radiometer Combination Electrode.
Dissolved oxygen: Determined in_situ with a YSI Model 51A portable
dissolved oxygen meter.
Laboratory,determinations:
 
Specific conductivity: Determined uging a YSI Model 33 portable conductivity
meter. Readings were adjusted to 25 C. Specific conductivity measurements
were made in the field in 1975.
Total solids: Determined by the method for Total Residue at 103—1050C
in Standard Methods (13th Ed.), p. 288.
Suspended Solids: Determined by the method for Nonfiltrable Residue
at 103—105 C in Standard Methods (13th Ed.), p. 291. Sample was filtered
through Reeve Angel 934AH glass fibre filter paper.
Volatile suspended solids: Determined as the difference between suspended
solids above and fixed solids determined by the method for Fixed Residue in
Standard Methods (13th Ed.), p. 292.
Nitrogen, ammonia: Determined using Orion Model 95-10 ammonia electrode
according to U.S. E.P.A. Manual of Methods for Chemical Analysis of Water
and Wastes (1974) and Orion InstructiOL Manual for ammonia electrode.
Nitrogen, total Kjeldahl: Determined using Orion ammonia electrode after
manual digestion of sample according to Standard Methods (13th Ed.), p. 244.
Nitrogen, nitrate: Determined using Orion Model 93—07 nitrate specific ion
electrode according to Standard Methods (14th Ed.), p. 422, and Orion
Instruction Manual for nitrate electrode.
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 Total phosphorus: Determined by manual digestion of sample using persulfate
followed by spectrophotometric determination in 1975 and 1976 (Beckman 25)
or automated determination in 1977 (Technicon Autoanalyser II) after ascorbic
acid reduction, according to the procedures described in U.S. E.P.A. Manual
(1974), pp. 249-264.
Total phosphorus, filtered: Determined by the method used for total
phosphorus, after filtration of the sample through a Reeve Angel 934AH
glass fibre filter paper. Sample filtration was carried out in the
laboratory on the day of collection or the following day.
Potassium: Determined using a Varian Techtron Model 1200 Atomic Absorption
Spectrophotometer. U.S. E.P.A. Manual (1974), p. 143.
Bacteria: Determined according to Standard Methods, 13th Ed. (1971) and
14th Ed. (1976).
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 TABLE A1
SUMMARY OF TILE DRAINAGE WATER PHYSICAL AND CHEMICAL QUALITY DATA (1975—77)
ARI Greenbelt Farm, Ottawa
Sampling No. of Std.
Parameter station samples Mean Dev. Median Min. Max.
Temggrature F4 A 119 7.5 4.0 6.5 1.0 25.0
15 119 5.3 3.0 5.0 0.0 15.0
F10 121 7.0 4.2 6.5 0.5 16.5
13 124 6.0 3.6 6.0 0.0 16.3
pH F4 118 7.1 0.2 7.1 6.3 7.8
15 118 7.1 0.3 7.0 6.4 8.0
F10 115 7.0 0.2 7.0 6.3 .7
13 120 7.1 0.2 7.0 6.7 8.1
Specific F4 123 552 106 577 292 738
giggggﬁizity 15 107 421 120 412 145 726
per 8m. F10 126 759 189 820 259 1016
@ 25 C 13 130 569 108 574 129 798
Total F4 75 346 85 353 46 532
::}id3 15 71 284 96 278 40 611
F10 86 527 158 551 190 788
13 104 368 81 370 56 684
Suspended F4 75 9 ll 5 O 51
S°lids 15 72 10 9 7 0 33
F10 86 11 18 6 0 136
13 98 10 16 6 0 142
Volatile F4 75 4 5 2 O 24
:gigzzded 15 72 4 5 2 0 22
mg/l F10 86 5 7 2 0 33
13 97 4 8 2 0 74
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SUMMARY OF TILE DRAINAGE WATER PHYSICAL AND CHEMICAL QUALITY DATA (1975—77)
TABLEAI
 
cont'd
  
 
ARI Greenbelt Farm, Ottawa
Sampling No. of Std.
Parameter station samples Mean Dev. Median Min. Max.
Nitrate E4 100 3.6 2.6 3.0 0.2 20.5
nitrogen 15 93 12.2 6.4 11.3 1.3 45.0
mg/l
E10 111 52.2 18.8 57.4 8.8 84.0
13 117 11.2 3.8 11.3 0.6 24.5
Total E4 124 0.64 1.54 0.24 0.0 15.5
iiiiSZZ: 15 99a 1.21 3.34 0.48 0.0 22.5
mg/l E10 123 0.27 0.69 <0 05 0.0 5.50
13 133b 0.66 1.93 0.29 0.0 20.0
Ammonia E4 120 0.08 0.11 <0.05 <0 02 0.90
Eéﬁioge“ 15 100 0.09 0.17 <0 05 <0.02 1.48
E10 124 0.07 0.11 <0 05 <0.02 0.94
13 135 0.10 0.20 <0 05 0.02 1.10
Total E4 122 0.06 0.08 0.04 0.00 0.49
:Z3iphorus 15 99 0.07 0.10 0.02 0.00 0.65
E10 120 0.08 0.13 0.04 0.00 0.87
13 134 0.05 0.08 0.02 0.00 0.38
Filtered E4 120 0.04 0.05 0.03 0.00 0.29
gﬁggghorus 15 95 0.05 0.06 0.02 0.00 0.30
mg/l E10 116 0.05 0.08 0.03 0.00 0.55
13 125 0.04 0.06 0.01 0.00 0.30
Potassium F4 123 2.4 0.5 2.4 1.7 6.0
mg/l 15 102 1.8 0.7 1.7 1.0 4.5
E10 124 4.8 1.5 4.7 1.3 9.2
13 137 2.4 0.9 2.3 0.9 8.1
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 TABLEAl cont'd
SUMMARY OF TILE DRAINAGE WATER PHYSICAL AND CHEMICAL QUALITY DATA (1975-77)
ARI Greenbelt Farm, Ottawa
Sampling No. of Std.
Parameter station samples Mean Dev. Median Min. Max.
Filt. tot. P F4 119 62.2 38.7 75.0 0 100
T°;' P 15 95 62.7 38.8 75.5 0 100
F10 114 62.8 36.3 70.8 0 100
13 125 . 53.9 40.6 69.7 0 100
SusE. solids F4 71 3.1 3.2 1.8 0 12.7
Tot' ;°lids 15 70 4.5 7.5 2.3 0 55.0
F10 83 2.0 2.9 1.0 0 22.2
13 97 3.9 9.1 1.5 0 62.7
Vol. SusE. solids F4 74 43.5 33.2 33.3 0 100
Susg' SOlidS 15 72 36.1 27.4 33.3 0 100
F10 86 44.6 35.8 40.0 0 100
13 96 42.0 32.4 40.0 0 100
aExcludes one high value of 80 mg/l on May 22, 1975.
bExeludes one high value of 68 mg/l on April 6, 1975.
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 TABLE A2
YE
AR
LY
VA
RI
AT
IO
N
OF
SO
ME
TI
LE
WA
TE
R
QU
AL
IT
Y
PA
RA
ME
TE
RS
ARI Greenbelt Farm, Ottawa
Sa
mp
li
ng
No
.
of
St
d.
Pa
ra
me
te
r
st
at
io
n
Ye
ar
sa
mp
le
s
Me
an
De
v.
Me
di
an
Mi
n.
Ma
x.
Sp
ec
if
ic
F4
75
40
53
7
69
54
5
40
8
68
1
;:
::
:;
;:
:i
ty
76
55
58
1
10
7
59
4
29
2
73
8
pe
r
8m.
77
28
52
5
13
1
52
0
30
8
71
4
@
25
C
15
75
26
40
4
11
1
36
0
28
5
62
0
76
41
44
0
12
3
48
0
18
3
72
6
77
40
41
1
12
3
42
2
14
5
68
2
F1
0
75
31
85
9
96
85
9
52
0
10
16
76
58
78
9
18
1
85
7
25
9
96
8
77
37
63
2
19
4
71
0
32
2
86
1
13
75
19
56
9
63
55
0
48
6
71
0
76
67
59
2
11
2
57
8
19
6
79
8
77
44
53
6
11
0
58
1
12
9
66
9
To
ta
1a
F4
75
-
—
—
—
-
-
ig
ﬁi
ds
76
47
34
5
92
36
3
46
51
8
77
28
34
8
75
33
1
22
1
53
2
15
75
—
—
—
—
—
—
76
31
27
0
12
8
27
7
26
61
1
77
40
29
6
72
27
8
12
5
48
5
F1
0
75
—
—
—
-
—
—
76
49
57
0
15
3
61
5
19
0
78
8
77
37
47
0
15
0
50
0
19
9
70
0
13
75
-
-
—
—
—
—
76
56
38
0
93
37
5
56
68
4
77
44
35
5
62
36
3
19
0
48
1
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 YEARLY VARIATION OF SOME TILE WATER QUALITY PARAMETERS
TABLE A2 cont'd
ARI Greenbelt Farm, Ottawa
Sampling No. of Std.
Parameter
station
Year samples
Mean
Dev.
Median
Min.
Max.
Nitrate
F4
75
17
<1.6
0,4
<1.4
<1.4
2.5
Egﬁi°gen 76 56 3.6 2.9 2.7 1.4 20.5
77_ 27 5.0 1.7 5.0 0.86 9.6
.15 75 18 10.4 3.8 8.8 6.2 23.1
76 37 13.0 7.8 11.8 1.3 45.0
77 38 12.4 5.8 11.0 3.2 29.0
F10 75 17 63.5 17.7 63.5 21.7 84.0
76 57 53.7 15.6 58.0 13.6 76.0
77 37 44.7 20.9 52.0 8.8 72.0
13 75 12 15.2 3.2 14.0 11.9 24.5
76 63 12.7 2.8 12.0 3.2 19.0
77 42 7.7 2.5 8.1 0.60 13.0
Total F4 75 41 1.0 2.5 0.0 0.0 15.5
:i::g::i 76 57 0.42 0.44 0.30 <0.01 2.37
mg/l 77 26 0.59 0.52 0.50 <0.05 2.1
15 75 24b 2.7 5.0 1.1 0.0 22.5
76 37 1.06 3.52 0.30 <0 01 21.5
77 38 0.43 0.51 0.16 <0.05 1.8
F10 75 29 0.1 0.3 0.0 0.0 1.3
76 58 0.36 0.90 <0.01 <0.01 5.50
77 36 0.23 0.44 <0 05 <0.05 2.4
13 75 26C 1.7 4.2 0.0 0.0 20.0
76 66 0.34 0.30 0.28 <0.01 1.39
77 41 0.49 0.57 0.38 <0 05 2.8
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 YEARLY VARIATION OF SOME TILE WATER QUALITY PARAMETERS
TABLE A2 cont ' d
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bExcludes one high value of 80 mg/l on May 22.
cExcludes one high value of 68 mg/l on April 6.
ARI Greenbelt Farm, Ottawa
Sampling . of Std.
Parameter station Year samples Mean Dev. Median Min. Max.
Total phosphorus F4 75 39 0.05 0.08 0.04 0.00 0.49
mg/l 76 56 0.06 0.06 0.04 0.00 0.32
77 27 0.09 0.10 0.030 0.01 0.46
15 75 23 0.02 0.03 0.02 0.00 0.15
76 36 0.09 0.14 0.03 0.00 0.65
77 40 0.07 0.08 0.03 0.01 0.35
F10 75 28 0.04 0.04 0.03 0.00 0.18
76 55 0.07 0.13 0.04 0.00 0.87
77 37 0.10 0.16 0.04 0.01 0.65
13 75 28 0.03 0.05 0.02 0.00 0.23
76 64 0.06 0.08 0.02 0.00 0.36
77 42 0.06 0.09 0.02 0.01 0.38
Potassium F4 75 40 2.5 0.7 2.3 1.9 6.0
mg/l 76 56 2.5 0.3 2.5 1.9 3.3
2 77 27 2.1 0.4 2.0 1.7 3.3
a 15 75 24 1.6 0.3 1.4 1.2 2.4
i 76 38 2.3 0.8 2.0 1.6 4.5
E 77 40 1.5 0.3 1.5 1.0 2.3
»§ F10 75 29 5.0 1.0 4.9 3.6 8.2
E 76 58 5.4 1.2 5.0 2.6 8.4
77 35 3.6 1.5 3.2 1.3 9.2
13 75 28 2.5 1.2 2.3 1.3 8.1
76 65 2.9 0.6 3.0 2.0 5.5
77 44 1.7 0.4 1.7 0.9 3.8
‘ aSolids determinations were not made on tile drainage water samples in 1975.
 TABLE A3
SUMMARY
OF TILE
DRAINAGE WATER BACTERIOLOGICAL
QUALITY DATA
ARI Greenbelt Farm, Ottawa
No. of Geom.
Parameter Station Year samples mean Median Min. Max.
Total
F4
75
33
320
460
<2
480,000
7 6
35
54
32
< 2
26 , 000
per 100 ml
77
19
19
10
<2
560
15 75 29 750 1000 4 23,000
76 14 31 18 < 2 20,000
77 20 35 42 < 2 2,800
F10 75 21 590 720 50 8,700
76 31 80 52 < 2 40,000
77 22 67 84 < 2 6,500
13 75 35 81 130 < 2 4,400
76 36 15 9 < 2 4,200
77 27 14 6 < 2 4,200
F4,15,F10 75,76,77 224 115 120 <2 480,000
13 75,76,77 98 29 22 <2 4,400
Fecal F4 75 33 23 12 < 2 28,000
coliforms
76
35
7
<2
<
2
5,500
MF count
per 100 ml 77 19 5 <2 < 2 42
15 75 29 34 19 < 2 2,600
76 14 6 < 2 < 2 6,700
77 20 3 <2 < 2 16
F10 75 21 9 6 < 2 170
76 31 9 4 < 2 7,000
77 22 7 < 2 < 2 340
13 75 35 2 \ 2 < 2 68
76 36 3 < 2 < 2 44
77 27 2 < 2 < 2 12
F4,15,F10 75,76,77 224 9 4 < 2 28,000
13 75,76,77 98 3 < 2 < 2 68
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 TABLE A3 cont ' d
SUMMARY OF TILE DRAINAGE WATER BACTERIOLOGICAL QUALITY DATA
ARI Greenbelt Farm, Ottawa
No. of Geom.
Parameter Station Year samples mean Median Min. Max.
Fecal F4 75 33 22 12 <2 19,000
ErSEEEEOCCi 76 35 12 6 <2 8,300
per 100 ml 77 19 13 <2 <2 132
15 75 29 69 49 <2 2,600
76 14 8 <2 <2 8,300
77 20 11 4 <2 240
F10 75 21 11 12 <2 260
76 31 8 <2 <2 10,000
77 22 10 4 <2 520
13 75 35 4 <2 <2 370
76 36 6 <2 <2 540
77 27 4 <2 <2 260
F4,15,F10 75,76,77 224 14 8 <2 19,000
13 75,76,77 98 5 <2 <2 540
FC:FS ratio F4 75 33 1.05 1.11 0.02 3.60
76 35 0.56 0.56 0.03 5.00
77 19 0.50 1.00 0.14 1.00
15 75 29 0.49 0.69 0.10 1.13
76 14 0.81 1.00 0.17 1.00
77 20 0.24 0.50 0.02 1.00
F10 75 21 0.81 0.91 0.12 2.50
76 31 1.08 1.00 0.30 4.00
77 22 0.73 1.00 0.02 5.00
13 75 35 0.63 1.00 0.03 2.00
76 36 0.49 1.00 0.04 1.00
77 27~ 0.60 1.00 0.04 2.00
F4,15,F10 75,76,77 224 0.66 1.00 0.02 5.00
13 75,76,77 98 0.56 1.00 0.03 2.00
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 SUMMARY OF TILE DRAINAGE WATER BACTERIOLOGICAL QUALITY DATA
TABLE A3 cont'd
ARI Greenbelt Farm, Ottawa
No. of Geom.
Parameter Station Year samples mean Median Min. Max.
ggﬁggzrgtpéggz F4 75 33 2,700 1,200 110 1,000,000
per ml 76 35 4,200 5,200 6 2,700,000
77 19 10,000 8,500 210 440,000
15 75 29 3,900 2,300 280 69,000
76 14 1,700 980 140 800,000
77 20 13,000 11,000 62 450,000
F10 75 21 960 1,300 110 11,000
76 31 3,600 3,300 42 3,000,000
77 22 21,000 38,000 260 900,000
13 75 35 810 1,000 22 47,000
76 36 530 460 4 610,000
77 27 4,500 2,600 140 540,000
F4,15,F10 75,76,77 224 4,400 3,000 6 3,000,000
13 75,76,77 98 1,200 1,000 4 610,000
Standard Plage F4 75 33 460 400 30 84,000
32:“
;: a
t 35
C
76
35
490
360
16
700,
000
77 19 520 320 39 19,000
15 75 29 520 500 21 9,200
76 14 220 65 26 360,000
77 20 610 800 42 13,000
F10
75
21
220
260
42
1,3
00
76
31
350
530
2
200
,00
0
77
22
980
1,1
00
52
40,
000
13
75
35
100
86
12
9,8
00
76
36
46
29
3
12,
000
77
27
150
100
9
6,8
00
F4
,1
5,
F1
0
75
,7
6,
77
224
460
400
2
70
0,
00
0
13
75
,7
6,
77
98
90
66
3
12
,0
00
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TABL
E A4
HERBI
CIDE
APPLI
CATIO
N HIS
TORY
FOR T
ILE—D
RAINE
D FIE
LDS
ARI
Gree
nbel
t Fa
rm,
Otta
wa
 
Descr
iptio
n
Area
drai
ned,
ha
Soil
Type
Drainage class
Nutr
ient
sour
ce
(up t
o 197
7)
Crop
(up to 1977)
Herb
icid
e —
date
, ty
pe
and
rate
of a
ppli
cati
on
te
ch
ni
ca
l
(a
tr
az
in
e:
gr
ad
e,
mi
ni
mu
m
94
%
pu
re
at
ra
zi
ne
)
F
4
27.5
Clay loam
poor
man
ure
3 y
ear
s
Silage corn
3
y
e
a
r
s
1974,
none;
1975,
June 1
0,
atrazi
ne, 1.
4
kg/ha;
1976, June 1,
atrazine, 1.12
kg
/h
a;
plus Sutan
4.
2
R/
ha
;
1977, none
1
5
4.1
Clay
loam
poor
man
ure
5
y
e
a
r
s
Silag
e cor
n
3
y
e
a
r
s
1974,
none;
1975, June 10,
atrazi
ne, 1.
4
kg
/h
a;
1976, June 2,
atrazi
ne 1.1
2
kg/
ha
plus Sutan
4
.
2
Q
/
h
a
;
1977, none
Field
Statio
n
F10
5.6
sand
to sa
ndy l
oam
rapi
d to
impe
rfec
t
man
ure
>7 y
ears
Sil
age
cor
n
3
y
e
a
r
s
197
4,
Jun
e,
atrazi
ne 1.4
kg
/h
a;
1975, May 28,
atrazine, 1.4
k
g
/
h
a
;
1976, June 2,
atrazi
ne 1.1
2
kg/ha
plus Sutan
4.2
R/ha
;
1977,
none
13
132
clay loam
poor
chemi
cal f
ertil
izer
5 y
ear
s
197
5:
197
6;
197
7:
alfalfa
1974,
June,
Lasso 4.2 R/ha on
62 ha,
atrazi
ne 1.4
kg/ha
on 70 ha;
corn,
alfalf
a
barley,
1975, May
2, 4-DB
1.4 Q/ha on 62 ha;
1976,
May 2,
4—DB
1.4 Q/ha on 70 ha;
1977, May
, 2,4—DB
0.8 i/ha on 70 ha
 
 TABLE A5
HERBICIDE
CONTENT
OF
TILE
DRAINAGE
WATER
ARI Greenbelt Farm, Ottawa
tr
=
trace;
ND
=
not
detected
Herbicide concentration, ppb
Field
Sampling
de-ethyl
station
date
atraZine
atrazine
SUtan
F4 July 25, lglé 0.2
Oct. 18 tr
20 tr
Dec. 4 ND
May 3, mg 0.1 0.2 ND
19 0.1 0.2 ND
June 3 tr 0.1 ND
6 0.1 0.2 ND
10 0.2 0.2 ND
14 0.1 0.2 ND
17 0.2 0.3 ND
22 0.1 0.1 ND
Oct. 10 0.3 0.4 ND
13 tr tr ND
Nov. 27 I tr 0.1
15 June 6, $212 ND
Nov. 12 0.2
Dec. 9 tr
May 3, igzg 0.1 0.2 ND
12 0.1 0.2 ND
Note: Large gaps in sampling dates are due to lack of flow in tiles.
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N
HER
BIC
IDE
CON
TEN
T O
F T
ILE
DRA
INA
GE
WAT
ER
ARI Greenbelt Farm, Ottawa
tr = trace; ND = not detected
 
Herbicide concentration, ppb
  
Field Sampling de—ethyl
y station date atrazine atrazine Sutan
F10 June 6, 1215_ 0.9
Oct. 1 1.1
20 0.4
Dec. 4 0.5
May 3, ﬁg 0.5 1.5 ND
12 0.3 0.7 ND
June 3 0.2 0.5 ND
6 0.3 0.7 ND
10 1.6 1.3 ND
1‘ 14 0.3 0.7 ND
’ 17 1.4 0.9 ND
22 0.3 0.7 ND
_ Oct. 10, _19_76_ 0.3 0.8 ND
13 0.3 0.7 ND
: Nov. 27 0.3 0.7
13 July 25, 372 0.2a
Dec. 9 0.4
May 3, 1210” 0.4 1.4 ND
June 10 0.4 0.8 ND
14 0.3 0.8 ND
17 0.3 0.6 ND
22 0.2 0.5 ND
July 8 0.2 0.5
Oct. 10 0.3 0.7 ND
13 0.3 0.5 ND
Nov. 1 0.2 0.4 ' ND
27 0.3 0.5
8This sample was also tested for 2,4—DB.
None was detected.
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TABLE
A6
SUMMARY
OF STREAM WATER PHYSICAL
AND
CHEMICAL QUALITY
DATA
(1975—77)
ARI Greenbelt Farm, Ottawa
 
Sampling
N0.
of
Std.
Parameter
station
samples
Mean
Dev.
Median
Min.
Max.
gimperature
2
203
9.1
6.8
7.0
0.0
25.0
3
179
8.1
5.4
6.8
0.0
23.8
6
172
9.4
7.1
8.0
0.0
31.0
7
89
5.2
5.0
4.0
0.0
30.0
8
127
7.4
5.8
6.0
0.0
29.0
001
27
2.4
2.1
2.0
0.0
9.0
pH
2
194
7.3
0.6
7.2
6.7
8.8
3 171 7.3 0.4 7.2 6.6 8.6
6
168
7.3
0.4
7.3
6.0
8.3
7
85
7.1
0.3
7.0
6.7
8.1
8 121 7.2 0.4 7.2 6.7 8.2
DOT 24 7.2 0.2 7.3 6.8 7.6
Dissolved
2
163
10.8
2.3
11.0
4.7
14.3
Oxygen
3
142
11.2
1.9
11.2
4.6
14.5
mg/l 6 146 11.2 2.1 11.2 5.0 14.8
7 85 12.0 1.9 12.5 6.0 14.8
8 117 10.6 2.8 11.2 4.5 14.7
>DOT 27 12.3 1.7 13.2 7.9 14.0
Specific 2 176 459 135 488 109 708
C9ndUCtiVity 3 151 511 163 545 92 1054
mlcromhos
per cm 6 159 453 129 494 120 841
@ 250C 7 5 383 147 434 45 580
8 115 382 150 454 43 570
DOT 27 332 154 290 173 711
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 TABLE A6 cont'd
SUMM
ARY
OF S
TREA
M WA
TER
PHYS
ICAL
AND
CHEM
ICAL
QUAL
ITY
DATA
(197
5-77
)
ARI Greenbelt Farm, Ottawa
Sampling No. of Std.
Para
mete
r
stat
ion
samp
les
Mean
Dev.
Medi
an
Min.
Max.
Tota
l
2
153
335
114
334
52
937
5°11ds 3 134 374 153 369 93 1272
mg/l
6 141 303 136 306 46 1520
7 79 262 86 266 39 466
8 93 257 80 270 1 404
DOT 22 231 102 238 28 424
Suspended 2 151 33 79 14 0 757
S°llds 3 132 20 24 11 o 131
mg/l
.
6
138
15
19
8
0
115
7 80 16 32 9 0 274
8 97 15 22 8 O 138
DOT 23 11 16 9 0 76
Volatile 2 142 8 11 6 0 87
susnended
3
124
9
13
4
0
82
solids
mg/l
6
132
6
9
3
0
67
7 80 7 l4 4 O 115
8 94 7 12 3 0 80
DOT 23 8 l7 3 0 79
Nitrate 2 150 5.0 3.9 4.2 <0.1 18.2
nitr°gen 3 130 8.1 4.5 8.5 0.3 20.3
mg/l
6 139 1.8 3.0 1.1 <0.1 20.3
7 83 0.8 2.3 0.14 <0.l 20.6
8 96 0.7 0.9 0.1 <0.1 6.2
DOT 25 2.6 6.4 1.2 0.3 32.9
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 TABLE A6 cont'd
SUMMARY
OF
STREAM
WATER
PHYSICAL
AND
CHEMICAL
QUALITY
DATA
(1975-77)
ARI Greenbelt Farm, Ottawa
Sampling No. of Std.
Parameter
station
samples
Mean
Dev.
Median
Min.
Max.
Total
2
156
1.4
1.9
0.95
0.0
12.0
EiiiSZZi
3
134
1.3
3.3
0.72
0.0
34.0
mg/l
6
138
0.76
0.97
0.48
0.0
6.0
7
81
0.53
0.90
0.35
0.0
8.0
8
94
0.77
0.98
0.53
0.0
6.4
DOT
23
1.95
3.12
0.99
<0.1
14.4
Ammonia
2
150
0.21
0.38
«0.1
<0.02
3.30
ggﬁioge“
3
130
0.13
0.18
0.08
<0.02
1.30
6
139
0.10
0.30
0.06
<0.02
2.80
7 82 0.07 0.09 0.05 <0 02 0.68
8 96 0.09 0.12 <0.05 <0.02 0.72
DOT 23 0.40 0.50 0.18 0.04 1.80
Total
2
152
0.14
0.18
0.09
0.00
0.89
::?:ph°rus 3 135 0.09 0.12 0.04 0.00 0.53
6 139 0.08 0.09 0.05 0.00 0.44
7 78 0.05 0.08 0.03 0.00 0.47
8 95 0.06 0.09 0.04 0.00 0.61
001 22 0.18 0.17 0.13 0.03 0.77
Filtered 2 108 0.09 0.12 0.04 0.00 0.79
;§::;horus 3 90 0.05 0.07 0.02 0.00 0.38
mg/l 6 107 0.06 0.06 0.04 0.00 0.24
7 74 0.03 0.05 0.02 0.00 0.32
8 75 0.05 0.11 0.02 0.00 0.86
DOT 22 0.12 0.12 0.09 0.01 0.49
 
 SUMMARY OF STREAM WATER PHYSICAL AND CHEMICAL QUALITY DATA (1975—77)
TABLE A6 cont'd
ARI Greenbelt Farm, Ottawa
 
Sampling No. of Std.
Par
ame
ter
sta
tio
n
sam
ple
s
Mea
n
Dev.
Med
ian
Min.
Max.
Pota
ssiu
m
2
158
4.2
2.4
3.6
1.4
18.4
mg/l
3
138
2.9
1.6
2.7
1.0
9.0
6 145 2.5 0.8 2.4 1.2 6.2
7 83 2.3 0.9 2.3 0.9 6.1
/ 8 97 2.4 0.8 2.3 1.1 4.8
DOT 25 4.1 1.5 3.8 1.6 7.6
Filt. tot. P 2 103 52.0 32.0 50.0 0 100
Tot;
P
3
90
48.7
34.9
44.8
0
100
a 6 100 55.0 36.8 63.5 0 100
7 76 53.0 34.1 53.6 0 100
8 73 58.5 33.7 66.0 0 100
DOT 21 66.0 24.6 64.0 12.0 100
Susp
ende
d so
lids
2
146
10.0
15.3
4.2
0
94.0
TOta
lzso
lidS
3
131
6.8
10.8
2.5
0
65.5
6 133 5.9 8.7 2.9 0 71.4
7 79 7.6 12.7 3.7 0 88.1
8 93 6.9 13.0 3.4 0 83.8
_ DOT 22 5.8 11.4 2.5 0 54.3
v61.
susB
. s
olid
s
2
141
44.4
30.0
38.4
0
100
Susp'75°lids 3 123 42.9 31.0 36.3 0 100
o 6 131 39.9 31.1 37.5 0 100
7 80 41.6 30.0 35.3 0 100
8 94 42.2 29.4 33.3 0 100
DOT 23 42.7 31.8 33.3 0 100
-70-
 TABLE A7
SUMMARY OF SURFACE STREAM WATER BACTERIOLOGICAL QUALITY DATA FOR 1975
ARI Greenbelt Farm, Ottawa
No. of Geom.
Parameter
Station
samples
Mean
Median
Min.
Max.
Total coliforms
2
41
2,200
2,100
30
280,000
Ezrciggtml
3
22
2,200
2,700
50
24,000
5 40 1,100 1,700 20 60,000
6 11 890 1,200 58 13,000
7 4 250 110 26 15,000
8 7 190 44 34 14,000
9 14 670 1,100 40 15,000
Fecal coliforms 2 41 170 120 <2 24,000
Ezrciggtml 3 22 140 160 10 1,200
5 40 120 190 2 4,300
6 ll 35 78 <2 760
7 4 10 5 <2 330
8 7 8 4 <2 230
9 14 75 110 <2 4,400
Fecal streptococci 2 41 260 290 4 82,000
2:13:61?“ 3 22 130 180 <2 4 ,400
5 40 210 250 2 15,000
6 11 140 98 14 3,500
7 4 64 37 4 3,200
8 46 42 4 1,800
9 14 180 130 12 9,000
FC:FS ratio 2" 41 0.65 0.60 0.06 5.8
3 22 1.10 0.53 0.06 450.0
5 40 0.57 0.50 0°08 13.7
6 11 0.26 0.21 0.07 2.7
7 4 0.16 0.08 0.06 0.5
8 7 0.18 0.19 0.04 0.5
9 14 0.41 0.49 0-02 4.6
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 TABLE A7 cont'd
SUM
MAR
Y
OF
SUR
FAC
E
STR
EAM
WAT
ER
BAC
TER
IOL
OGI
CAL
QUA
LIT
Y
DAT
A F
OR
197
5
ARI Greenbelt Farm, Ottawa
No. of Geom.
Par
ame
ter
Sta
tio
n
sam
ple
s
Mea
n
Med
ian
Min
.
Max
.
Sta
nda
rd
Pla
te
2
40
7,3
00
7,1
00
1,1
00
91,
000
Cou
nts
at
20
C
3
22
4,6
00
5,3
00
560
95,
000
per ml
5
40
4,0
00
4,0
00
410
77,
000
6
11
2,5
00
2,0
00
800
24,
000
7
4
2,3
00
1,5
00
1,3
00
6,2
00
8
7
2,2
00
2,3
00
700
5,7
00
9
14
4,5
00
3,1
00
1,2
00
40,
000
Sta
nda
rd
Pla
ge
2
40
2,0
00
2,3
00
110
68,
000
Cou
nts
at
35
C
3
22
880
580
82
36,
000
per m1
5
40
1,1
00
1,1
00
62
9,2
00
6
11
650
660
91
5,1
00
7
4
260
120
90
6,7
00
8
7
450
490
86
2,8
00
9
14
1,0
00
1,0
00
88
16,
000
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 TABLE A8
NUTRIENT APPLICATION RATES IN BLACK RAPIDS CREEK DRAINAGE AREA
ARI Greenbelt Farm, Ottawa
Nutrient
Areaa
Nutrient applied, kg/ha
source
Year
ha
N
P
K
Fertilizer
1975
522
52
45
57
Manure 100 524 165 476
Total
594
134
67
130
Fertilizer
1976
486
58
19
36
Manure 141 449 110 367
Total 594 154 42 116
Fertilizer 1977 487 32 22 41
Manure 106 573 159 484
Total 594 128 46 120
aTotal area refers to watershed area of 594 ha which includes 25 ha of
roads and drainage ditches and 569 ha of cultivated fields. Some
fields that were chemically fertilized earlier in the year were later
plowed with manure.
 TABLE A9
NUTRIENT AND POLLUTANT TRANSPORT TO SURFACE WATER OF BLACK RAPIDS CREEK
ARI Greenbelt Farm, Ottawa
 
Parameter Yeara Inlet Outlet Contribution
total total Difference rate
kg kg kg kg/ha
Total solids 1975 128,840 340,485 211,645 356.0
1976 130,082 757,586 627,504 1,056.0
1977 108,702 290,191 181,489 306.0
Suspended solids 1975 8,279 36,381 28,102 47.0
1976 12,368 245,025 232,657 392.0
1977 4,063 33,569 29,506 50.0
Nitrogen—total Kjeldahl 1975 617 4,385 3,768 6.3
1976 1,925 11,422 9,497 16.0
1977 999 2,525 1,526 2.6
Nitrogen—nitrate 1975 606 7,896 7,290 12.3
1976 695 5,596 4,901 8.3
1977 607 3,950 3,343 5.6
Nitrogen—total 1975 1,223 12,313 11,058 '18.6
Kjeldahl + nitrate 1976 2,620 17,018 14,398 24.2
1977 1,606 6,475 4,869 8.2
Phosphorus—total 1975 18 100 82 0.1
unfiltered 1976 91 568 477 0.8
1977 107 471 364 0.6
Potassium 1975 1,028 3,190 2,162 3.6
1976 1,973 11,568 9,595 16.2
1977 1,743 5,647 3,904 6.6
aData for 1975 is after April 22; excludes snowmelt runoff.
Data for 1977 is upto August 31; excludes fall runoff.
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TABLE A10
OBJECTIVES AND STANDARDS FOR PUBLIC WATER SUPPLIESa
 
Objective or desirable
Acceptable
(Max.) Permissible
Parameter
criteria
criteria
.
limit
Source
Temperature
85°F
pH
6.5 to 8.3
Dissolved oxygen mg/l
Near saturation
>4 (monthly mean)
2
>3 (individual sample)
N
v
-
I
Total dissolved
solids
mg/l
<500
l 000
l
Nitrate + nitrite
'
as N
mg/l
<10.0
<l0.0
10.0
1
Ammonia-N
0.01
0 5
Phosphates as PO4
(Inorganic)
<0.2
0.2
1
(as P)
(<0.07)
(0.07)
1
Total coliforms MPN or MFC <100 per 100 ml
<1000 per 100 ml
<5000 per 100 ml
Fecal coliforms MPN or MFC < 10 per 100 ml
< 100 per 100 ml
<lOOO per 100 ml
~
7
5
-
aThe quoted sources should be consulted for additional details.
Sources:
1. Guidelines for Water Quality Objectives and Standards, Dept. of Environment, Inland Waters Directorate,
Ottawa,
Ontario.
Technical Bulletin 67, 1972.
2. Guidelines and Criteria for Water Quality Management in Ontario, Ontario Ministry of the Environment,
Toronto, Ontario.
3. Canadian Drinking Water Standards and Objectives - 1968, Dept. of National Health and Welfare,
Ottawa, Ontario. 1969.
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Figure
A2.
Soil
temperatures
at
5 and
50 cm below
the
surface
at
"Mcrivulv,
C.D.A.”
Weather
station.
Greenbelt
Farm, Animal Researvh
Institute,
Uttawu‘ Ontario.
      
 't
ri
fi
ca
ti
on
wo
ul
d
co
mp
et
e
fo
r
th
e
so
il
N
la
be
ll
ed
fe
rt
il
iz
er
s,
8
mi
le
s
fr
om
th
e
st
ud
y
sit
e,
Ko
wa
le
nk
o
an
d
Ca
me
ro
n
(2)
fo
un
d
de
ni
tr
if
ic
at
io
n
oc
cu
rr
in
g
whgn both plant uptake and de
NO —N. In experiments using
es
se
nt
ia
ll
y
in
the
fi
rs
t
ha
lf
of
the
gr
ow
in
g
se
as
on
onl
y.
Wi
th
a
fe
rt
il
iz
er
ap
pl
ic
at
io
n
ra
te
of
152
kg
/h
a
for
ba
rl
ey
(H
or
de
um
vu
lg
ar
e
L.)
,
av
er
ag
e
den
itr
ifi
cat
ion
rat
e w
as
rep
ort
ed
to
be
0.5
5
kg
N/h
a/d
ay
for
an
86—
day
gro
win
g p
eri
od,
giv
ing
a
tot
al
los
s
of
abo
ut
47
kg
N/h
a/y
r.
The
los
s
of
nit
rog
en
by
den
itr
ifi
cat
ion
in
a c
onc
urr
ent
fal
low
sys
tem
was
rep
ort
ed
to
ave
rag
e
0.7
kg
N/h
a/d
(3)
.
For
lac
k
of
bet
ter
est
ima
tes
for
thi
s
stu
dy,
if
one
ass
ume
s
tha
t
the
los
s
of
nit
rog
en
by
den
itr
ifi
cat
ion
in
man
ure
d
fi
el
ds
un
de
r
co
rn
is
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a
co
mp
ar
ab
le
or
de
r
of
ma
gn
it
ud
e,
th
en
ni
tr
og
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y d
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tri
fic
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a s
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l p
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of
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for
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cla
y
fie
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(35
0 t
o 4
50
kg/
ha/
yr,
Tab
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4a
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b)
dur
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r p
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od
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exp
eri
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!
Den
itr
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e c
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l
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l-d
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l f
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l
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,
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ble
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be
lar
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y
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soi
l
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itr
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.
How
eve
r
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itr
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of
the
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er
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50
kg
N/h
a/y
r t
hen
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ent
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in
soi
l c
oul
d e
xce
ed
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s b
y
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Web
ber
and
Lan
e (
14)
con
sid
ere
d t
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nit
rog
en
pro
ble
m i
n l
and
dis
pos
al
of
liq
uid
man
ure
in
Ont
ari
o a
nd
con
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ded
tha
t "
it
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unl
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ly
tha
t s
ign
ifi
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t
los
ses
of
N w
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thr
oug
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tri
fic
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on"
.
Thi
s i
s b
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mov
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of
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—N
to
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und
wat
er
usu
all
y o
ccu
rs
dur
ing
lat
e f
all
, w
int
er
or
ear
ly
spr
ing
in
the
se
lat
tit
ude
s.
A c
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ina
tio
n o
f l
owe
r t
emp
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es
and
a
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k
of
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dil
y
dec
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ble
org
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c m
att
er
in
the
sub
soi
ls
wou
ld
inh
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t
denitrification.
Adm
itt
edl
y.
nit
rog
en
tra
nsf
orm
ati
ons
in
soi
l—p
lan
t —
wat
er—
air
sys
tem
s d
epe
nd
on
a n
umb
er
of
com
ple
x a
nd
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err
ela
ted
fac
tor
s.
Til
l s
uch
tim
e w
hen
a
com
ple
te
und
ers
tan
din
g o
f t
he
sys
tem
is
obt
ain
ed,
one
has
to
rel
y o
n
ava
ila
ble
inf
orm
ati
on
to
int
erp
ret
the
obs
erv
ed
res
ult
s.
Fur
the
r s
tud
ies
are
nec
ess
ary
to
det
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ine
the
rel
ati
ve
los
ses
of
nit
rog
en
by
dif
fer
ent
mechanisms.
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